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FORTHCOMING MEETINGS 


WEDNESDAY, 31ST DECEMBER, at 2.30 p.m. JUVENILE LECTURE. ‘Success with 
a Camera’, by Stanley J. Coleman, F.I.B.P., F.R.P.S., Head of the School of 


Photography, ‘The Polytechnic, Regent Street. (Special tickets are required for 
this meeting.) 


MONDAY, 5TH JANUARY, at 6.30 p.m. FILM EVENING. (See programme on 
page 72.) Tea will be served from 5.45 p.m. 


WEDNESDAY, 7TH JANUARY, at 2.30 p.m. JUVENILE LECTURE. ‘From Fungle to 


Zoo’, by George Cansdale, B.A., B.Sc., F.L.S. (Special tickets are required for 
this meeting.) 


WEDNESDAY, 14TH JANUARY, at 2.30 p.m. ‘Films in Alliance with Industry’, by 
Edgar Anstey, Films Officer, British Transport Commission. George Pollock, 
Q.C., Director, British Employers’ Confederation, in the Chair. 


THURSDAY, I5TH JANUARY, at 5.15 p.m. COMMONWEALTH SECTION. ‘Road 
Development in the Overseas Territories’, by R. S. Millard, Ph.D., M.I.C.E., 
Head of the Tropical Section, Road Research Laboratory, D.S.I.R. Sir Reginald 
Taylor, C.M.G., M.I.C.E., Engineer-in-Chief, Crown Agents for Overseas 
Governments and Administrations, in the Chair. (The paper will be illustrated 
by lantern slides and a film. ‘Tea will be served in the Library from 4.30 p.m.) 


WEDNESDAY, 21ST JANUARY, at 2.30 p.m. ‘Technical Education: a Prognosis’, 
by the Right Honble. Lord Nathan, P.C., T.D., D.L., J.P., F.S.A., President, 
Association of Technical Institutions. R. W. Holland, O.B.E., M.A., M.Sc., 
LL.D., a Vice-President of the Society, in the Chair. 


TUESDAY, 27TH JANUARY, at 5.15 p.m. COMMONWEALTH SECTION. THOMAS 
HOLLAND MEMORIAL LECTURE. ‘The Commonwealth Transantarctic Expedition’ , 
by Sir Vivian Fuchs, M.A., Ph.D. The Right Honble. Lord Cohen of Birkenhead, 
M.D., F.R.C.P., in the Chair. (The Lecture will be illustrated by lantern slides. 
Tea will be served in the Library from 4.30 p.m.) No more tickets are available 
for this meeting. 

WEDNESDAY, 28TH JANUARY, at 2.30 p.m. FRED COOK MEMORIAL LECTURE. 
‘Illusionist Decoration of the Italian Renaissance’, by Sir Anthony Blunt, K.C.V.O., 
Professor of History of Art, University of London, and Director, Courtauld 
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Institute of Art. Ellis K. Waterhouse, C.B.E., M.A., Barber Professor of Fine 
Arts, and Director of the Barber Institute, University of Birmingham, in the 
Chair. (The Lecture will be illustrated by lantern slides.) 


WEDNESDAY, 4TH FEBRUARY, at 2.30 p.m. ALFRED BOSSOM LECTURE. ‘The 
Mechanization of Building Constructional Processes’, by D. G. R. Bonnell, Ph.D., 
Deputy Chief Scientific Officer, Building Research Station, D.S.I.R. Sir Alfred 
Bossom, Bt., LL.D., F.R.1.B.A., J.P., M.P., Chairman of Council of the Society, 
in the Chair. 


TUESDAY, 10TH FEBRUARY, at 5.15 p.m. COMMONWEALTH SECTION. ‘The History 
of the African Pyrethrum Industry’, by T. F. West, D.Sc., Ph.D., F.R.LC., 
A.M.1.Chem.E., European Operations Executive, African Pyrethrum Informa- 
tion Centre Ltd. Sir Ian Heilbron, D.S.O., F.R.S., Professor Emeritus of 
Organic Chemistry, University of London, in the Chair. (The paper will be 
illustrated by lantern slides. Tea will be served in the Library from 4.30 p.m.) 


WEDNESDAY, IITH FEBRUARY, at 3.20 p.m. PETER LE NEVE FOSTER LECTURE. 
‘Women as Writers’, by Miss Sylvia Townsend Warner. Leonard Woolf in the 
Chair. 


FRIDAY, 13TH FEBRUARY, at 7.30 p.m. FILM EVENING. The programme will 
include England of Elizabeth; City of Gold; Animal, Vegetable and Mineral; 
Paintings Need Care. Full details will be announced in the next issue of the 
Journal. 


WEDNESDAY, 18TH FEBRUARY, at 2.30 p.m. ‘Rheology: the Science of Plastic 
Flow’, by E. G. Richardson, D.Sc., Professor of Acoustics, University of Durham, 
and G. W. Scott-Blair, M.A., D.Sc., Ph.D., Head of Physics Department, 
University of Reading. 

Fellows are entitled to attend any of the Society's meetings without tickets (except 
where otherwise stated), and may also bring two guests. When they cannot accompany 
their guests, Fellows may give them special passes, books of which can be obtained 
on application to the Secretary. 


FILM EVENING 


The second Film Evening of the Session will be held at the Society’s House 
on Monday, 5th January, at 6.30 p.m. As is customary at the January showing, 
the programme has been selected with a view to interesting not only Fellows 
but also their older children. The following films will be screened: 

Journey into Spring 
Romance of Transportation 
Proud Ships 

The Bats 

The Shepherd 

Journey into Spring (27 minutes) is an outstanding film in Eastmancolour 
made by a unit of British Transport Films. It was shot in the Hampshire 
village of Selborne, home of the naturalist Gilbert White, but the natural history 
with which it is concerned—pond life, birds, harvest mice, moles, etc.—could 
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equally well be found and studied in almost any other part of England. Journey 


into Spring won the British Film Academy award for the best documentary 
made anywhere in 1957. 


Romance of Transportation (10 minutes), a colour cartoon which was made 
for the National Film Board of Canada, is an amusing and informative record 
of the development of transport in Canada from the days of ‘foot-slogging’ 
until the apparition of the flying saucer. 


The Shepherd (12 minutes), also made for the National Film Board of Canada, 


joins a Canadian shepherd on his daily round, the tranquillity of which is suddenly 
interrupted. 


Proud Ships (24 minutes), which was produced by the Shell Film Unit, gives 
a vivid picture of life on board an oil tanker. 


The Bats (16 minutes) is a Polish film showing the exploration of moun- 
tain caves where bats hibernate. It also contains some laboratory shots and 
describes how a bat ‘sees’ through its ears. 

Tickets of admission are not required for this occasion and Fellows are entitled 


to introduce two guests. Light refreshments will be served in the Library 
beforehand from 5.45 p.m. 


THE SOCIETY’S NEW ROOMS 





The Council Chamber 
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It was announced in the Journal in April, 1957, that the Society, in acquiring hi 
the lease of the adjacent houses (Nos. 2 and 4, John Adam Street, and No. 18, of 
Adam Street), intended to use part of this additional space to provide a new fr 
Council Chamber and Exhibition Rooms, improved accommodation for Fellows ce 
and a range of offices for the Examinations Department. In accordance with the fo 


policy adopted by the Council, the remainder of the premises has been let to 
other societies, namely the British Association for the Advancement of 
Science, the Lead Development Association and the Institute for Strategic 
Studies. 

The adaptation and furnishing of the Society’s part of these additional buildings 
have now been completed, and since the visit of inspection paid by H.R.H. the 
President on 11th November, a number of photographs have been taken, so that 
it is now possible to publish an illustrated description of the principal rooms. 

The central feature of the suite on the first floor is the Council Chamber. 
The walls of this large, well-proportioned room have been re-decorated with 
flock paper bearing broad alternate stripes of off-white moiré and old gold, 
a colour echoed in the heavy damask curtains, of a fern and wreath design, 
which hang at both ends of the Chamber. This ensemble makes an effective 
contrast to the close-fitted Wilton carpet in two shades of red. The cigar-shaped 
Council table, big enough for 32 people, is of Honduras mahogany and, together 
with a pair of console tables and a matching set of armchairs upholstered in blue 
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The Fellows’ parlour 
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hide, was specially designed for the room by Professor R. D. Russell, Master 
of the Faculty of R.D.I. The Chamber is lit by a fine crystal chandelier dating 
from about 1820. It is generally agreed that, with these embellishments and its 
carved door and chimneypiece, the new Chamber provides a dignified setting 
for meetings of the Society’s Council. 





The Fellows’ writing-room, looking out to fohn Adam St. 


The two spacious Exhibition Rooms (the larger was illustrated in the Journal 
of 26th April, 1957) which lie beyond the Council Chamber are now hung with 
paper of a neutral shade, and their light-fittings are modern. These alterations, 
however, have not detracted from the character of the rooms as expressed in 
their painted ceilings and in their chimneypieces and door-cases. The Council 
hopes that these rooms will increasingly be used for exhibitions and business 
meetings. A brochure describing them more fully is being prepared for circulation 
to organizations and bodies which may wish to hire them. 

The Secretary and the Accountant having moved to offices near the new 
Council Chamber, the rooms cn the first floor of the main building thus vacated 
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have been converted respectively into a parlour for Fellows and a small ante- 
room, the latter equipped with a writing table and telephone. Both these rooms 
have been furnished with new carpets and curtains, and in them hang some of the 
most interesting of the Society’s pictures, including works by Mary Moser 
and James Barry. Additional furniture has been bought to supplement that which 
was previously in the old Fellows’ parlour on the ground floor. 

In the whole of this undertaking the Society has had the benefit of liberally- 
given advice and assistance. Particularly valuable have been the knowledge, 
taste and skill of Mr. O. P. Milne, a Member of Council, and of Professor 
R. D. Russell, who advised respectively on structural alterations and furnishings. 
The kindness of two other gentlemen should be recorded: Mr. H. G. Dowling, 
whose firm, John Lines Ltd., made and presented the specially designed wallpaper 
for the Council Chamber, and Mr. H. W. Keil of Worcester adroitly repaired 
some of the Society’s antique furniture. The Society is also indebted to the 
Carpet Trades Association, to Warner and Son Ltd., and to Parker Knoll Ltd., 
for their services. 


MEETING OF COUNCIL 


A meeting of Council was held on Monday, 8th December, 1958. Present: 
Sir Alfred Bossom (in the Chair); Mrs. Mary Adams; Dr. W. Greenhouse Allt; 
Sir Hilary Blood; Sir Edward Crowe; Mr. R. E. Dangerfield; Sir George 
Edwards; Mr. P. A. Le Neve Foster; Mr. John Gloag; Sir Ernest Goodale; 
the Earl of Halsbury; Mr. E. E. Lawley; Sir Harry Lindsay; Mr. F. A. Mercer; 
Mr. O. P. Milne; Sir Gilbert Rennie; Mr. A. R. N. Roberts; Sir Selwyn Selwyn- 
Clarke; Sir Philip Southwell; Professor S. Tolansky; Mr. G. E. Tonge; Mr. 
H. A. Warren; Sir Griffith Williams; Miss Anna Zinkeisen; with Dr. K. W. 
Luckhurst (Secretary), Mr. G. E. Mercer (Deputy Secretary) and Mr. J. S. 
Skidmore (Assistant Secretary). 


ELECTIONS 
The following candidates were duly elected Fellows of the Society: 


Banks, George, Sevenoaks, Kent. 

Berger, Laurence, London. 

Blanks, Peter John, London. 

Brady, Edward Mark, New Malden, Surrey. 

Brooker, Peter James, Folkestone. 

Burrows, John Richardson, Denton, Lancs. 

Cawthorn, Philip Michael, Knaresborough, Yorks. 
Daly, James, A.M.I.Mech.E., A.F.R.Ae.S., Blackpool. 
Daly, John Patrick, B.A., Cliffoney, Co. Sligo, Eire. 
Evans, Ernest Alfred Spencer, B.Sc., Amersham, Bucks. 
Farrow, Noel Stanley, M.B.E., Barnet, Herts. 
Fernando, Stansilus Robert, Madras, India. 

Flint, John Archibald, B.A., Hatfield, Hects. 

Harris, Lewin Bernard, N.D.D., Folkestone. 

Houpt, Professor Charles Theodore, M.A., Ph.D., Elsah, Illinois, U.S.A. 
Hunter, James McClelland, A.R.I.C.S., Greenock, Renfrewshire. 
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Iqbal, Afzal, M.A., London. 

Jordan, Royland, F.T.C.L., Launceston, Cornwall. 
Knight, Brian Harold, N.D.D., London. 

Leworthy, Leslie Roland, Sutton, Surrey. 

Liivak, Harry, Montreal, P.Q., Canada. 

March, Miss Margaret Phyllis, New Malden, Surrey. 
Markos, Lajos, M.A., New York City, N.Y., U.S.A. 
May, Gordon Harold, M.A., Plymouth. 

Morrison, Francis Bradley, B.A., Norwood, Mass., U.S.A, 
Mustoe, Nelson Edwin, Q.C., M.A., LL.B., London. 
Nemerov, David, Palm Beach, Florida, U.S.A. 
Nyman, Benjamin, Epping, Essex. 

Osterritter, Alfred Joseph, A.C.P., Wantage, Berks. 
Palmar, Walter Albert, Maidstone. 

Roberts, Walter Mark, Flushing, New York, U.S.A. 
Stickley, William Edgar, Kidderminster, Worcs. 


The following was duly elected an Associate Member: 
Cashinella, Brian, Middleton, Lancs. 


BENJAMIN FRANKLIN MEDAL FOR 1959 


Consideration was given to the 1959 Award, 


HONORARY CORRESPONDING MEMBERS IN CANADA AND THE UNITED STATES 


The Council approved recommendations for the appointment of Honorary 
Corresponding Members in North America. 


OTHER BUSINESS 


A quantity of financial and other business was transacted. 


INDUSTRIAL ART BURSARIES EXHIBITION 


As announced in the last issue of the Journal, the exhibition of designs 
submitted in the 1957 Industrial Art Bursaries Competition is on view at the 
Public Library, Museum and Art Gallery, Carlisle, until 3rd January, 1959. 
From 19th to 31st January the exhibition will be on view at the Belfast College 
of Art, College Square, Befast. 
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THE AEROPLANE 
Three Cantor Lectures 


I. THE BIRTH OF THE AEROPLANE 


by 
C. H. GIBBS-SMITH, M.A., F.M.A. 


Monday, 24th November, 1958 


‘It is a long story of legends and dreams, theories and fancies, all 
suddenly transformed into facts; a tale of the hopes of madmen suddenly 
recognised as reasonable ambitions.’—sIR WALTER RALEIGH, 1922. 


Following upon a millenium of dreams and legends, and punctuated here and 
there by bravely futile efforts to fly like the birds, the practical powered aeroplane 
of our time was finally conceived by Sir George Cayley a year or two before 
1800, and realized a few years after 1900 by Wilbur and Orville Wright. It may 
fairly be said that Cayley invented the modern aeroplane in that he laid down 
the basis of aerodynamics and then designed and built gliders having fixed main 
planes to support them, with independently placed horizontal and vertical 
surfaces to stabilize and steer them. He also provided for propulsion systems— 
which he could not then achieve—to be independent of the lifting surfaces, and 
thus broke with the age-old tradition of bird-men and ornithopters. 

The word ‘aeroplane’ originally meant either the wings of a flying machine, 
or the whole of any flying machine supported in the air by the action of 
aerodynamic forces on the aerofoil surfaces. To-day the word is generally taken 
to mean a powered aeroplane in the conventional sense—as opposed to a glider 
or rotorcraft—the basic concept of which lay in the marriage of the kite and the 
windmill. 

The century that stretched from Cayley to the Wrights produced three main 
streams of endeavour, which had to meet and coalesce before man could 
successfully climb the skies in a mechanical flying machine, and navigate it as 
effectively as his ancestors did the ship, and his contemporaries the automobile. 
These three streams were the science of aerodynamics; the craft of piloting and 
controlling a glider in the air; and the achievement of a light but powerful motor. 
In addition, of course, the primitive and passive form of the windmill had to 
evolve into the sophisticated and active form of the engine-driven airscrew, in 
order effectively to displace air rearwards, and hence move itself and its 
dependent vehicle forwards. 

The story of these streams of endeavour is a complex and absorbing one, and 
can only be briefly summarized here. Cayley laid the foundations of aerodynamics; 
he built successful models to demonstrate his theories; and finally, either in 
1852 or 1853, he built a man-carrying glider: this machine, however, flew with 
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for a glider (dated 1849), possibly the con- 
figuration of his man-carrying machine of 1852-3 


its controls locked, and its human cargo was borne not as a pilot but a passenger. 
Then, through the talent of such men as Henson, Wenham and Phillips in 
Britain, and Pénaud and Marey in France, the shapes of efficient aerofoils 
slowly emerged, along with the pattern of the basic stabilities in flight: these 
achievements were embodied in numerous working models in England and France 
from the 1840s onwards. 

Meanwhile, the tradition of aeroplane pilotage in the air had started tentatively 
with the courageous French sea-captain Le Bris between 1856 and 1868; but 
despite the further efforts to glide by Mouillard, Montgomery and others, no 
proper companionship was struck up between the would-be airmen and the 
successful model-making engineers, and piloted glider flight was not yet to be 
accomplished. 

But the problem of the engine was being steadily and successfully tackled. In 
1860 Lenoir had invented the gas engine: then Otto introduced the four stroke 
engine in 1876; and by 1890 petroleum engines were effectively driving auto- 
mobiles along the roads of Europe. 

It was the decade of the 1890s which produced, all of a sudden, the first 
purposeful gathering together of research and endeavour, and the first successful 
piloted gliding flights. There also emerged during these ten years the vital and 
radically different concepts of what, for convenience, we may call the 
“groundsmen’ and the ‘airmen’ in aviation. 
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The ‘groundsmen’, deriving their attitude of mind from the model-makers 
of the previous generation, looked upon the aeroplane chiefly as a lifeless 
machine to be designed, constructed, and then made to work: the inventors 
regarded themselves as living outside the aircraft they created. As engines 
became more efficient, they set to building full-size aeroplanes on the same 
principles as the model-makers—especially aiming at inherent stability—which 
the groundsman pilot would then drive, much as a chauffeur would drive an 
automobile, or a seaman steer a ship. 

Typical of the groundsman school of thought in the 1890s were Sir Hiram 
Maxim, who tested his huge but unproductive machine in 1894: Clément Ader, 
who just rose from the ground under power in 1890 in his Zole, but never left 
the ground when in 1897 he tested his Avion II]; and Samuel Pierpoint Langley, 
who—after his tandem-wing models had flown successfully in the 1890s—saw 
his full-size man-carrying Aerodrome fail twice in 1903. The first two men used 
steam engines as their power units; and Langley, after driving his earlier models 
by steam, employed the petrol engine in his last model (1901) and in his full-size 
attempts. It was the groundsman’s attitude which, as will be seen later, retarded 
European aviation for so long, its most typical symptons being an over 
intentness upon inherent stability, the neglect of proper control and manceuv- 
rability in the air, and an inability to identify themselves with their machines. 

The ‘airman’ school of experimenters, although just as concerned with theory 
and research as their rivals, saw themselves as essentially partakers in the 
enterprise of flying. They had, by and large, more humility, and thus were 
superior men for this job. They lived and worked as ‘parts’ of their aircraft, 
thus co-operating and identifying themselves with the machines they made. 
They regarded the aeroplane—first the glider and then the powered machine— 
as something to learn in, to experience, to fly in; and something with which to 
identify themselves. Each would say, with Mademoiselle Sagan of to-day, 
“Je veux faire corps avec la machine’”—“I wish to make myself one with the 
machine”’, 

Typical of this attitude, following long after Cayley and Le Bris, were 
Lilienthal in Germany, Pilcher in Britain, Ferber in France, and Chanute (by 
proxy) and the Wright brothers in America. These men shared one over-riding 
ambition, to rise in the air and fly. As Wilbur Wright said: “There are only two 
ways of learning to ride a horse: one is to get on him and learn by actual practice 
how each motion and trick may be best met; the other is to sit on a fence and 
watch the beast awhile, and then retire to the house and at leisure figure out the 
best way of overcoming his jumps and kicks.’ 

Aviation needed both of these approaches; but it had already had enough of 
the fence-sitting. What it now needed—and received—was mounting the horse, 
and riding it. These first true airmen flew at continual risk of their lives, 
knowing perfectly well, as Cayley had said, that ‘a hundred necks have to be 
broken before all the sources of accident can be ascertained and guarded against’: 
two of the greatest of these pioneer airmen—Lilienthal and Pilcher—paid with 
their lives. 
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FicurE 2. Otto Lilienthal piloting 
one of his biplane gliders in 1895 


It was the German Otto Lilienthal who was the first true aviator of history. 
He brought to a close the period of earthbound doubts and fumbling, and opened 
the way to the final solution of heavier-than-air flight. Lilienthal conducted his 
remarkable experiments after a careful—but not, as it turned out, a very profit- 
able—study of bird flight. He then built a number of monoplane and biplane 
gliders, which he flew successfully from 1891 to 1896, when he crashed and 
was killed. His machines were fixed-wing gliders, with a fixed rear fin and 
tailplane,’ in which he hung by arm-pits and elbows, all control being effected 
by the swinging of torso and legs. Before his death he was designing a body- 
harness to operate a movable elevator, and was also testing—his only 
retrogressive step—a propulsion system of ornithoptering wing-tips. 

Lilienthal’s work was widely published in word and picture, the latter 
chiefly by means of the newly invented half-tone illustration process; and with 
his dramatic death he precipitated almost single-handed the ultimate phase of 
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experiments which resulted in the achievement of the powered aeroplane. 
Lilienthal was the direct inspirer of Percy Pilcher, Captain Ferber, and—most 
important of all—of Octave Chanute and the Wright Brothers. 

Perhaps the greatest single tragedy in aviation history was the death of Percy 
Pilcher in 1899, after one of his gliders broke up in the air. Pilcher, like the 
Wrights who followed him, possessed all the necessary qualifications, technical, 
experimental and emotional, which could have led him to construct a successful 
powered aeroplane. At the time of his death he was building a motor to install 
in his last successful glider. 

After Pilcher’s death, British aviation provided one of the deepest mysteries 
of aeronautical history by going soundly to sleep for nearly a decade: its snores 
could not even be penetrated by the brilliant theoretical work on aerodynamics 
by F. W. Lanchester, whose prophetic treatise on circulatory flow was rejected 
by the august authorities of the Physical Society and was only given to the 
world in 1907 and 1908 by the faith and enterprise of a London publisher. 

Despite the practical example of Langley, who did so much to make the 
ridiculous idea of a flying machine respectable to his contemporaries, it was 
Octave Chanute who proved more influential in furthering the success of 
practical powered aviation. One of America’s most distinguished civil engineers, 
Chanute was first infected with an interest in powered flight by meeting Wenham 
in England in 1875. He then made the first technical study of the history of 
heavier-than-air flying, and published his classic work, Progress in Flying 
Machines, first as a series of articles, then in book form in 1894. A true airman at 
heart, his interest was re-energized, as it were, by the example of Lilienthal; 
and in the 1890s he designed and constructed a number of man-carrying 
gliders, which—as Chanute was now in his seventies—were piloted by 
A. M. Herring. Chanute’s definitive glider was his sophisticated Lilienthal-type 
biplane of 1896, with fixed main planes and fixed cruciform tail-unit.? Chanute 
did not, as it is sometimes supposed, introduce movable control surfaces. Control 
was solely by the Lilienthal method of body movement, with an added mobility 
of the whole body forwards and backwards on bars. The only original features 
of this famous glider were its struts and rigging, which were based on the so- 
called Pratt-truss of bridge-building practice. But it was this method of rigging 
which set the fashion for biplanes thereafter. 

Chanute’s chief place in aviation history was not, therefore, as aircraft 
designer: it was as conveyor of information, and encourager of others, that he 
deserves his fame, as will soon become evident. 

In 1899 a young cycle maker of Dayton, Ohio, named Wilbur Wright, was 
watching a buzzard soar; this young man, too, had already been inspired by 
Lilienthal, but he and his brother Orville had had as yet little time to spare from 
their business for any study of flying. But it was the sight of this buzzard being 
rocked by the wind, and regaining its lateral balance by increasing the 
camber—and hence the angle of incidence—of the tip of its dropped wing, that 
suddenly decided Wilbur to take up practical aviation, and enlist the willing 
support of his brother. For Wilbur, knowing how Lilienthal had controlled his 
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machines, and realizing that this method was sorely inadequate, now perceived 
the secret of lateral control. The technique of elevator control had always been 
obvious enough; but as he was ‘airman-minded’ he was intent on practical 
methods and mechanisms of flying, and until his productive observation of the 
buzzard, he could not see how the all important problem of lateral control could 
be accomplished in a practical way. Now he had found its solution, and resolved 
to spend every available spare minute in trying to fly. 

He first asked the Smithsonian Institution for a book list; he then read every- 
thing he could lay hands on, and came to regard Chanute’s book, and later 
a partial translation of Lilienthal’s study of bird-flight lent to him by Chanute, 
as two of his bibles. He entered into a correspondence with Chanute, and the 
old man did everything he could to encourage this new recruit to aviation. 

In view of certain slow-dying myths, I think it should be made clear at the 
outset of the Wright story, that Wilbur and Orville owed Chanute only one 
technological debt—the Pratt-truss method of rigging a biplane. 

At first Wilbur had no ambitious ideas about conquering the air: ‘I am an 
enthusiast’, he wrote in 1899, ‘but not a crank in the sense that I have some 
pet theories as to the proper construction of a flying machine. I wish to avail 
myself of all that is already known, and then if possible add my mite to help 
on the future worker who will attain final success.’ In 1899 Wilbur had built 
his first aircraft, a biplane kite equipped with wing-warping, and a device for 
shifting the position of the wings im relation to one another in order to control 
the movement of the centre of pressure, a device which may have been suggested 
to him by asomewhat similar, but unsuccessful, design of Chanute’s. In 1900 he 
and his brother constructed the first of their gliders, and started on the steady 
but rapid road to their achievement of practical flying. 

The Wrights were the bachelor sons of a United Brethren Church bishop, 
and in these two young men history was presented with the ideal team, and the 
ideal human qualities necessary to combine theory with practice and solve the 
multiple problems posed by the flying machine. Each brother possessed high 
integrity, modesty, a strong will, dogged determination, a sense of humour, and 
the ability to criticize himself and others constructively: then, individually and 
collectively, they were blessed with a rare ability to study, concentrate, weigh 
evidence, assess situations and, above all, to form new concepts. As to the 
Wrights’ technical ability, the publication of their collected papers in 1953 
put an end, once and for all, to the naive idea that they were just simple country 
lads who, ‘by guess and by God’, knocked up an old wood-and-linen contraption 
and somehow got it off the ground. It is now universally agreed that each brother 
was a mechanical genius, who turned himself into a first-rate engineer, and in 
addition trained himself to become an expert pilot. Although it was clearly 
Wilbur who started the pair on their flying career, their friends have often said 
that it was soon impossible to distinguish one from the other where talent and 
quality were concerned. 

The No. 1 Wright glider of 1900 was taken to the sand dunes of Kitty Hawk, 
on the coast of North Carolina—a location selected for its steady strong winds— 
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Ficure 3. The Wrights’ improved No. 3 glider of 
1902, with linked wing-warping and rudder controls 


where it was flown mostly as a kite, with only a few piloted glides: the machine 
was a fixed wing biplane of 17 ft. span, and a wing-area of 165 sq. ft. Breaking 
with tradition, there was no rudder and no tail-unit, and its elevator was 
placed in front on outriggers: lateral control was by wing warping, and the pilot 
lay prone for comfort, for safety on landing, and to reduce head resistance. 
Steering, although not attempted yet, was intended to be by the use of warping 
alone. The position of the elevator was dictated by the Wrights’ belief that it 
aided safety there, especially when the centre of pressure travelled backwards 
and caused the machine to nose-dive. 

It is perhaps of interest to describe in brief the all-important, and most 
historically famous, of control-systems, which became known as ‘wing-warping’. 
In theory, Wilbur Wright intended to improve on the buzzard by providing 
a positive warp—a twisting downward—on one side of the wings, with a 
simultaneous negative warp—a twisting upward—on the other side; in other 
words, a spanwise helical twist of each surface of the biplane wings. In practice, 
however, owing to the camber of the wings shaped by the ribs, the control 
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movement produced a positive (downward) warping of the end of one side, and 
only a shallowing or straightening out on the other. This deepening and lessening 
of the camber was allowed by the rear outer struts, each side being hinged top 
and bottom to the two wings, and the ensemble being held in place by two sets 
of cables. The primary set joined the pilot’s hip-cradle with the top of each 
outer rear strut via pulley-wheels on the lower wing: when the hip-cradle was 
swung to port, the starboard cable pulled down the struts and the trailing edge 
of the top starboard wing end, and the struts pushed down the lower wing. 
The reverse process happened simultaneously on the port wings by means of 
the secondary cable system, which simply joined the bottoms of the two outer 
rear struts, and ran up and over two pulley-wheels beneath the upper wings: 
thus the down-moving starboard strut pulled on the secondary cable system, 
which ended at the bottom of the outer port strut, and pulled it up. 

From the start, the Wrights firmly eschewed all idea of inherent stability, and 
their aeroplanes could only be kept flying by the pilot’s skill. This was in direct 
contradistinction to previous experimenters: ‘We resolved’, wrote Wilbur, ‘to 
try a fundamentally different principle. We would arrange the machine so that it 
would not tend to right itself.’ 

The first Wright glider provided useful data, and was followed in 1901 by 
the No. 2, of a similar configuration, but with a span of 22 ft. and a wing area 
of 290 sq. ft. The biplane wings were also rigged in a slight anhedral droop. 
Warp control was by means of the hip-cradle which the pilot swung to one side 
or the other. This machine was tested at the Kill Devil Hills, south of Kitty 
Hawk; but although productively flown by both brothers, it was not a success. 
They had been relying mainly on Lilienthal’s figures, which they now found to 
be misleading: so they virtually started again from scratch, carrying out their 
own basic research with model aerofoils in a wind-tunnel, before proceeding to 
build and test their sophisticated No. 3 glider in 1902: this had a wing area of 
305 sq. ft., a span of 32 ft., a camber of 1 in 24 to 1 in 30, and the same anhedral 
droop or ‘arch’. In addition to the front elevator, a tail-unit was fitted consisting 
only of a fixed double vertical fin carried on outriggers a few feet behind the 
wings. There was still no thought of adding a rudder, as the Wrights had not 
yet changed their belief—based on what they believed was bird practice—that 
warp control was sufficient for turning. Actually they had as yet tried little in 
the way of turning, using their warp control primarily to maintain lateral 
balance, and relying on the slightly raised elevator—when banked—to act as 
a semi-rudder and to help pull them round. 

Despite the otherwise excellent performance of this No. 3 glider, it tended 
sometimes to misbehave in a manner which baffled its creators. When, for 
example, the pilot banked to port, the raised starboard wings would suddenly 
swing back, and the whole machine then slide to port out of control and into the 
sand dunes. 

It was Orville who, after a night-long consumption of black coffee, figured 
out that the No. 3 was suffering from warp-drag, although he did not call it that: 
the down-warped—and hence upraised—wings were creating more drag than 
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the negatively warped wings, with the result that the machine was swinging 
against the bank. The brothers soon solved the problem by replacing the twin 
fixed fins at the rear by a single movable rudder, which would be turned to 
counteract the increased drag of the upraised wings. To simplify this procedure, 
the rudder cables were fixed to the hip-cradle that operated the wing-warping; 
so that if, for example, the pilot wished to turn to port, he would swing the 
hip-cradle to port, and thus warp the starboard wings down and hence raise 
them; simultaneously and automatically, the rudder would be put over to port, 
and the machine be taken round in a smooth banked turn. 

It was this automatic warp-rudder linkage—despite the necessary abandonment 
of the linkage later—that finally enabled the Wrights to conquer the air. 
Elevators were known to all; so were independent rudders: even the idea of 
twisting the wings had occurred to one or two people, but had never been made 
and tried out. The idea, however, of combining wing-warping and vertical 
rudder control had never been dreamt of: by thus solving the practical problem 
of lateral control and banked turning, air pilotage had been added by the 
Wrights to successful basic aerodynamics. This invention of warp-rudder 
linkage formed the most important item in their patent, which they applied for 
in 1903 and which was granted to them in 1906. 

They made nearly a thousand gliding flights with this No. 3 glider before 
ending their season at the Kill Devil Hills in October of 1902. They were now 
ready to build a powered machine, but two tough problems still remained to be 
solved, the engine and the propellers, problems which alone would have 
daunted many men. It was hoped to purchase a suitable automobile engine, but 
none on the market was powerful yet light enough: so the brothers set to work 
and designed their own, and then helped to build it. In the propeller field, 
there were no known precedents, and marine practice was of little help. So, 
again from scratch, these remarkable men carried out their own basic research, 
and designed and made their own propellers. By September of 1903 the new 
machine, the powered Wright Flyer No. 1, was complete and was shipped to 
the Kill Devil Hills. (The name Flyer, by the way, was taken from the name they 
had already given the bicycles they constructed.) 

The Flyer that stood ready for testing among the sand dunes of North 
Carolina was a biplane with a span of 40 ft. 4 in. and wing area of 510 sq. ft.; 
a weight (laden) of some 750 lbs. and a 12 h.p. engine driving two counter- 
rotating pusher propellers; there was a forward biplane elevator; a double rear 
rudder linked (as in the 1902 glider) with the warping controls; and a skid 
undercarriage. Take-off was effected by the aircraft’s skids being laid on a yoke 
equipped with small grooved rollers*; the rollers ran on a sectioned wooden rail 
of 60 ft., laid down into wind. The Flyer was tethered to the end of the launching 
rail until the engine had been opened up to full throttle, when the wire was 
slipped, and the machine allowed to run along the rail until enough lift was 
developed to take it off the yoke. No accelerated take-off was used in 1903, and 
the familiar weight-and-derrick launching method was only introduced in 
September of 1904 in the confined space of the Huffman Prairie at Dayton. 
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The first take-off of the Flyer was attempted by Wilbur on 14th December, 
1903—Wilbur having won the toss of a coin—but failed owing to over-control 
with the elevator on this completely untried machine: it ploughed into the sand 
a few yards beyond the end of the launching rail.‘ 

Then on the 17th December, at 10.35 a.m., Orville took off and flew success- 
fully for 12 seconds against a wind of some 22 m.p.h. By mid-day the Flyer had 
made four trials, the fourth lasting for 59 seconds and covering half a mile 
through the air, against a twenty-mile-an-hour wind: the ground covered 
was 852 ft. 

To place this literally epoch-making achievement in perspective, it ought to 
be said that no other aeroplane in the world stayed up in the air for this length 
of time until Henri Farman flew for 1 minute and 14 seconds four years later, 
in November, 1907. 

Another important point arises over these flights by the Wrights: it concerns 
the first test, which lasted for 12 seconds. This is now universally regarded, in 
Orville’s words, as ‘the first in the history of the world in which a machine 
carrying a man had raised itself by its own power into the air in full flight, had 
sailed forward without reduction of speed, and had finally landed at a point as 
high as that from which it started’. I think it is fair to say that if only the first 
test had been made on that occasion, neither the Wright Brothers themselves, 
nor the verdict of history, would have been more than hesitant about the 
achievement. But in view of the four tests within one and half hours, and the 
59 second flight on the last, there is no doubt whatever that the Wrights were 
the first in the world to make proper, powered, sustained and controlled flights 
in an aeroplane. What is more—and really much more important historically— 
is that they went on to make the first properly practical aeroplane, and also to 
inspire the rest of the world to fly. 

There is one extraordinary facet of aviation history which can only be 
mentioned here, but not expanded. It is the story of how the American Press, 
with the world’s greatest news story on its doorstep, failed to realize what had 
happened on 17th December owing to a garbled account by an amateur 
reporter; and then failed again when it did not pursue the story of what was 
happening at a field outside Dayton, Ohio, in 1904 and 1905, a field bounded by 
a public highway and a tramway. Owing to reporters being present on two 
abortive occasions—one due to the weather and one to engine failure—the local 
Dayton Press departed for ever and wrote off the Wrights as just two more 
crack-pots: they refused to visit them again, despite the reports of the growingly 
blasé local farmers, who became so used to the Wright machines circling the 
Huffman Prairie, that they did not even bother to raise their heads. 

For in those two seasons, in 1904 and 1905, the brothers built one excellent 
new engine and two equally excellent new Flyers; and by October, 1905, had 
constructed, tested and proved the world’s first practical flying machine at 
a go-acre field outside their home town of Dayton, Ohio, lent to them by 
a banker friend, Torrence Huffman. 

By the end of the 1904 season, with the new and robust powered Flyer No. 2, 
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Ficure 4. The powered Wright Flyer No. 3 
of 1905, the world’s first practical aeroplane 


they had made 105 take-offs. Concentrating on short low flights to study the 
practical problems of control, the brothers had also introduced the weight and 
derrick accelerated take-off device (first used on 7th September); they made 
many turns, and performed their first circuit, which quickly became an everyday 
affair, on 20th September. On gth November they stayed in the air for more 
than five minutes. When they stopped flying that year, they had been airborne 
for a total of 45 minutes in all. 

The Wrights’ No. 3 powered Flyer of 1905 was the world’s first practical 
aeroplane. By the end of that year’s flying season, they had solved all the basic 
problems of control in the air, including stalling on tight turns; they had 
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disconnected the warp and rudder controls when they realized that both separate 
and combined warp and rudder movements must be available to the pilot at 
all times; had mastered banking, turning, circuiting, and performing figures of 
eight; and had proved the efficiency of the machine in some 49 flights, during 
which they were airborne for over three hours. They concentrated on endurance 
and made long individual flights, including two of over half an hour. The record 
endurance flight was made on 5th October and lasted 38 minutes and 3 seconds, 
an achievement not rivalled by any other pioneer until October of 1908, by 
which time the Wrights themselves were flying for over an hour and a half at 
a time, and were soon to top two hours. 

The Wrights’ last flight in 1905 was on 16th October. Beset by snoopers, 
spies, and exasperating rebuffs by their own and other governments, the 
brothers decided not to fly again until they had succeeded in getting a fair business 
deal from some individual or organization willing to back their invention, which 
until now they had financed entirely out of their own earnings. 

Thus there came about the second extraordinary feature of the Wrights’ 
career; that they did not once take to the air between 16th October of 1905 
and 6th May of 1908. They did, however, build new engines and a new aircraft 
in secret. 

We now return to Europe. With the death of Lilienthal in 1896, and of Percy 
Pilcher in 1899, the zest and enterprise went out of European aviation. In the 
midst of one of the world’s most flourishing periods of science, technology and 
commercial activity, the idea of heavier than air flying was almost abandoned. 
Dirigible airships and ballooning flourished, and automobilism became first 
a craze, then a rage, and finally a habit. Isolated pioneers of the aeroplane were 
to be found such as Ader, Kress and Ferber; but they were totally ineffectual. 
Lord Kelvin had declared in 1896 that he had ‘not the smallest molecule of 
faith in aerial navigation other than ballooning’: it was a popular sentiment. 

Then, in 1902, almost the sole active pioneer, the French Captain F. Ferber, 
who had been making unsuccessful Lilienthal-type gliders, read a magazine 
article on flying experiments in America: he started a correspondence with 
Chanute and learnt about the Wright gliders which both Wilbur Wright himself 
and Chanute had publicized, the former through two lectures at Chicago in 
1g01 and 1902. Ferber thereupon constructed a primitive and unsuccessful 
Wright-type glider in 1902. Then, in the spring of 1903, Chanute came over to 
France and lectured on his own and the Wrights’ gliding, extolling the latter as 
the most advanced form of flying yet achieved. 

Chanute, by his lectures and articles in 1903, provoked a patriotic but 
bewildered reaction among a group of Frenchmen, who vociferously asserted 
that the land of Montgolfier must never allow the New World to win the race 
to powered flying. Unfortunately, none of the compatriots of Sir George Cayley 
were similarly awakened from their profound slumbers. 

The French reaction to Chanute’s news about the Wrights resulted in an 
astonishing—almost an absurd—course of events, and is of vital importance in 
aviation history. A study of contemporary statements and documents shows that 
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by the summer of 1903 the Europeans were made aware by descriptions and 
photographs of more than the general configuration of the Wright gliders; 
surprisingly enough, it shows that Chanute described not only the Wrights’ 
wing-warping, but their use of a rear rudder. But the old gentleman did not 
know, and therefore could not describe, how the two controls operated; nor 
that they were linked and used simultaneously. The dimensions and methods of 
construction of the Wright gliders were also not revealed. 

However, with the extensive work on aerodynamics and models over the past 
two generations as a technical background, the Europeans were now in possession 
of all the clues necessary for the achievement of a practical powered aeroplane. 
Given careful and systematic progress in experiments based on such knowledge 
and clues, there was no conceivable reason why such an aeroplane should not 
have been flown by 1905, or 1906 at the latest: if it had flown, it would have 
speedily led to developments which in their turn would have transformed the 
First World War, and thereby the history of the world. But nothing of the kind 
was destined to happen. Instead, some mass neurosis seems to have overtaken 
the enthusiasts in Europe. Despite the presence of able engineers among them, 
not a single man—let alone a team—got down calmly to the problems involved, 
and conducted systematic research and development, as the Wrights had done. 
And so, for five tedious years, the Europeans blundered gropingly across the 
field of aviation, their peculiar malaise being compounded of many ills, and only 
partly redeemed by bursts of originality and personal bravery. One and all they 
seemed to lack the humility, the patience and the comprehending vision necessary 
to assess the wealth of knowledge already available, and apply it imaginatively; 
then to test, modify, test again, and so command success. 

At the risk of being tedious, I would repeat that it was not until November, 
1907, that any European aeroplane could stay in the air for a single minute: it 
was May of 1908 before that time could be raised to a quarter of an hour; and 
June of 1909 before an hour’s flight was made. Only one European aircraft had 
completed a circuit by January of 1908, and this basic manceuvre remained 
perilous for many months to come. 

Looking back now on what will always remain one of the major mysteries of 
technological history, it appears that the primary ring-leader, who did most to 
mislead the others, was Robert Esnault-Pelterie; though an able man, he 
showed himself jealous, immodest and slap-dash. In 1904 he built what he 
asserted—and widely proclaimed—was a Wright-type glider. Finding it would 
not fly properly, he concluded that the Wrights had not made their own gliders 
fly, and that their claims were therefore false: this he also proclaimed widely, 
first in a lecture and then in a printed version—propaganda which had a far- 
reaching effect on bis fellow-countrymen. Esnault-Pelterie’s so-called Wright- 
type glider was in fact a travesty; but he did produce one remarkable item in 
his introduction of ailerons—the first actually used in history—after he failed 
to succeed with wing-warping; ironically enough, he also did not succeed with 
his ailerons, and never used them again, prefering in his later machines to 
revert to warping. Also in 1904, Ernest Archdeacon, with Gabriel Voisin as 
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constructor, achieved only a slightly better imitation of the Wright glider, and 
it, too, was unsuccessful. 

Ferber, having already failed with his Wright imitations, now—still in 1904— 
struck out on a line which might have led the European flock back to the high 
road, had he possessed patience and pertinacity; for in his new glider he retained 
the Wright configuration of biplane wings and front elevator, but added a 
horizontal tai'!plane: an unfortunate item were the two non-rigid wing-tip rudders. 
This glider—except for the rudders—anticipated a classic European formula, 
although it was not to become effective for half a decade. 

So the form of the Wrights’ biplane glider had come to Europe without its 
substance, whilst, of course, no proper news of their powered machines had 
crossed the Atlantic. It was deeply ironic that the Wrights’ glider form should 
have provided the basic foundation of European aviation, but that the Wrights’ 
primary message, concerning lateral control, should have gone virtually 
unheeded. 

The next year, 1905, saw the crystallization of those characteristics which 
retarded and perverted European aviation, and prevented the rapid success 
which could so easily have attended the French pioneers. The rot, so to speak, 
set in with the abandoning of the early efforts at lateral control, and an all-too- 
rigid pursuit of inherent stability. These two factors were unfortunately joined 





Ficure 5. The Archdeacon-Voisin float glider of 1905, 
showing the combination of Wright and box-kite features 
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in the newly espoused enthusiasm for the box-kite, which had been invented 
by Hargrave in 1893. The front portion of the Wright configuration was retained 
—that is to say, the biplane wings and front elevator—and a box-kite tail-unit 
added to effect longitudinal stability. This obsession with the box-kite was even 
extended to transforming the main wings into a multuple box-kite by dividing 
them up into cells by means of the so-called ‘side-curtains’, the idea being to 
secure automatic lateral stability. 

It was the abandoning of voluntary lateral control, together with the grounds- 
man’s conception of the aeroplane as a winged automobile to be steered through 
the sky, that formed the central focus of the multiple disease that beset the 
Europeans. For as they did not conceive of the aeroplane as a sensitive instrument, 
to be humanly controlled in the air, they could not have in their mind’s eye the 
vital concept of manceuvrability. If the Europeans had possessed this concept, 
this true ideal of ‘flyability’, their whole attitude of mind, their talent, and their 
energies, would have been directed and concentrated upon achieving it. Even 
when Santos-Dumont in 1906, and Blériot in 1907 and 1908 temporarily took to 
using primitive ailerons, they were adopted rather as passive preserves of equili- 
brium, than dynamic organs of manceuvre. 

The marriage of Wright glider and box-kite appeared most typically in the 
two float gliders built in 1905 by Gabriel Voisin, one for Archdeacon, the other 
for Louis Blériot: both were briefly tested on the Seine, towed by a motor-boat. 
During this year, Ferber made a creditable effort towards powered flight by 
fitting an engine to a version of his tailed glider: but he had not done nearly 
enough work on the original machine, and this engined version could only 
perform modest powered glides. In England, after seeing his improved box-kite 
adopted by the British Army, that energetic and attractive American S. F. Cody 
introduced his aileroned glider, but it was little more than an ingenious manned 
kite, and led nowhere. 

The whole aeronautical temper and tempo in Europe was of such a distrait 
nature that we are forced to catch at any straws, and whistle bravely to keep up 
our historical courage. In 1906 with Blériot and others going their own strange 
ways, that rich and active promoter of diminutive dirigibles, Alberto Santos- 
Dumont, suddenly emerged into the heavier-than-air field and snatched the 
honour of making the first official powered flights in Europe on his box-kite 
‘canard’ machine ‘14-bis’, Europe was overjoyed, and promptly announced the 
arrival of the air age. But alas, the best of these so-called flights covered only 
some 200 ft. and 722 ft. respectively: during the latter, the aircraft remained 
in the air for 21 seconds. The ‘14-bis’ was a totally unpractical contrivance, 
and it quickly passed into: oblivion after its burst of energy, like an exotic 
butterfly. 

Of far greater significance was the rebirth, in the same year, of the monoplane 
tradition which, if only it had been properly pursued, could have quickly put 
Europe more than level with the Wrights. The man responsible for this event 
was a Paris-domiciled Hungarian, Trajan Vuia, who now tested his primitive 
but original tractor monoplane powered by carbonic acid, which succeeded in 
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Ficure 6. Vuia’s powered monoplane of 1906, 
the world’s first full-size tractor monoplane 


making some short hops. It was almost certainly this machine which was soon to 
persuade Blériot to abandon his abortive biplanes. 

The year 1907 saw both the European biplane and monoplane struggling to 
emerge from their chrysalises. The Voisin brothers built a number of powered 
box-kite-tailed biplanes, but temporarily eschewed the box-kite wings, leaving 
them open, as the Wrights had done, but with no lateral control. Voluntary 
control was solely by means of the forward elevator and the rear rudder enclosed 
in the tail-unit. The first machine, built for Léon Delagrange, only made a few 
hops, but with the re-adoption of the main-wing side-curtains, served as the 
model for the standard Voisins of the next two years; whereas that built for the 
Paris-domiciled Englishman, Henri Farman, was taken in hand by its spirited 
owner, and steadily modified by him over many months to become a sluggishly 
flyable creature. Farman kept her up for a minute and fourteen seconds in 
November; made the first official circuit on 13th January, 1908; and went on 
to get as much as a three-quarters-of-an-hour flight out of this venerable and 
much modified old lady before abandoning her at the end of the year. 

Blériot, on the other hand, later joined by Levavasseur (the builder of the 
Antoinette engines, now also turned aircraft manufacturer), abandoned the 
biplane and took to the monoplane. It was Blériot who now feverishly threw 
himself into the race, and built and tested no less than three monoplanes during 
1907; a ‘canard’, a tandem-wing machine, and finally a prophetic tractor type 
with enclosed fuselage: none was successful, but Blériot was seeing his way more 
clearly. He even tried pivoting wing-tip ailerons on the tandem-wing machine, 
but abandoned them on his next design. 

The first half of the year 1908 saw the same confused procession, making 
slow advances only with the Voisin biplanes—especially Farman’s modified 
machine—and the monoplanes of Blériot and Levavasseur, the latter progressing 
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Ficure 7. A standard Voisin biplane of 
1908-9, with no voluntary lateral control 


towards his famous Antoinette types. By July, Farman could fly for twenty 
minutes, and Blériot for five. The lack of proper lateral control was still dogging 
them, despite Blériot’s mid-year adoption of promising flap-type ailerons, 
which he also abandoned soon after. 

It was on 8th August, 1908, that the revelation was vouchsafed to us Europeans 
after our five years in the wilderness; five arid and inexplicable years, with the 
world’s finest scientists, technologists and mechanics surrounding us to no 
helpful purpose. For on that day Wilbur Wright first flew in public, at the little 
Hunaudiéres race-course near Le Mans in France. During those first few days 
at the race-course—before he moved across to nearby Auvours—it was one thing 
and one thing only that reduced the excited spectators to tears, literally. It was 
simply the spectacle of a man flying as God clearly intended that he should; 
banking, turning, and circling, all with such ease and grace that it seemed to the 
spectators more like a horse and rider in the sky than a man in a mechanical 
flying machine. 

Within days, the world of aviation realized that the secret had all along lain 
in manceuvrability; within weeks, it realized that this manceuvrability was a 
question of sensitive co-ordination of elevator, rudder, and wing-warping, 
and that it was greatly aided by the inherent instability of the aircraft and the 
consequent necessity for the pilot actively to control it for every second of its 
flight; and within months, that what was needed for the average pilot of the future 
was a combination of the stability beloved of the Europeans, and a good measure 
of sensitivity to the controls. Photographs, diagrams and descriptions of the 
construction and rationale of the Wright Flyer were soon published throughout 
the world, and by mid-1909 every new aeroplane incorporated effective wing- 
warping or ailerons, and every pilot was realizing the true nature of flying. 
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Ficure 8. Wilbur Wright flying at Hunaudiéres in August, 1908, 
on the machine with which he revolutionized European aviation 


European aviation was thus re-born in 1908-9, and soon came to lead the world, 
finding at last all the talent and courage it had needed for so long. 

To round off this all too rapid survey of a most complex subject, I want to 
turn back to Wilbur Wright and his Flyer in 1908. The machine, which was 
built in 1907, was an improved version of the successful 1905 Flyer, with a span 
of 41 ft., a wing area of some 510 ft., and a four-cylinder 30-40 h.p. engine 
driving the two customary counter-rotating pusher propellers: upright seating 
for the pilot and one passenger was provided, and the speed was about 
35-40 m.p.h. From 8th August to 31st December, 1908, the performance of 
Wilbur and his machine speak eloquently for themselves. Wilbur made more 
than 100 flights in all, and was airborne for over 25 hours: he took up passengers 
on some 60 occasions—one for an hour and 4 minutes—and his flights included 
6 of between 4 and ? hour duration, 6 of between 1 and 2 hours, and one of 
2 hours 20 minutes and 23 seconds. All this without any injury to himself or 
his passengers, and with only trivial damage to the machine. 


To close, I cannot do better than quote Sir Walter Raleigh’s tribute to the 
Wrights: 


The name of the Wrights is so much the greatest name in the history of 
flying that it is only fair to give their achievements a separate place. . . . New 
inventions are commonly the work of many minds, and it would be easy to 
name at least half a dozen men to whose work the Wrights were indebted. But 
these were tributaries; the main achievement belongs wholly to the Wrights. 
Their quiet perseverance, through long years, in the face of every kind of 
difficulty, is only a part of their distinction; the alertness and humility of mind 
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which refused all traffic with fixed ideas, and made dangers and disappointments 
the material of education, is what stamps them with greatness, They put them- 
selves to school to the winds. They knew that there is no cheap or easy way to 
master nature, and that only the human spirit, at its best and highest, can win 
through in that long struggle. Their patience never failed. . . . It is not 
extravagant to say that the 17th of December, 1903, when the Wright brothers 
made the first free flight through the air in a power-driven machine, marks the 
beginning of a new era in the history of the world. 


NOTES 

Lilienthal allowed the tail-unit a slight elastic ‘give’ upwards, in the hope that this would act asa gust 
amper. 

Chanute, following Lilienthal, also allowed a ‘give’ upwards in his tail unit. 
These rollers were in fact adapted bicycle-wheel hubs. 
It was, perhaps, a mercy for subsequent historians that this attempt was unsuccessful, as it was the only 
occasion that the launching rail was laid down-hill; and any flight resulting would have been largely 
invalidated as having an assisted take-off. 








II. THE DEVELOPMENT OF THE AEROPLANE 


by 
PETER W. BROOKS, B.Sc.Eng.), A.C.G.1., A.F.R.Ae.S., 


Technical Assistant to the Chairman, British European Airways 
Monday, 1st December, 1958 


INTRODUCTION 


The entire development of the practical aeroplane has been concentrated 
within fifty years of the twentieth century. Created during the first eight years 
of the century, as a result of investigations and experiments made in the preceding 
hundred years, the aeroplane has evolved during the subsequent five decades 
into the most significant vehicle ever devised by man. To-day, aircraft are still 
far from perfected and their evolution continues at headlong pace, but 1958 
is perhaps an appropriate time at which to attempt to trace the pattern of their 
development. 

Almost exactly fifty years ago, the two famous American brothers, Wilbur 
and Orville Wright, first publicly demonstrated a practical man-carrying heavier- 
than-air flying machine. Wilbur did this in Europe at the Hunaudiéres Race 
Course at Le Mans in France, on 8th August, 1908, and his brother Orville 
flying a machine of similar design did the same in America one month later 
(3rd September) at Fort Meyer, near Washington. The Wrights had actually 
first flown an aeroplane nearly five years earlier but their first machines, flown 
in the period 1903-5, were only experimental and tentative. They spent 1906 
and 1907 trying to exploit their invention commercially and in developing their 
first experimental Flyers into the practical two-seater machines which they 
first flew and then demonstrated publicly in 1908. During the same five years, 
other experimenters were also evolving various designs of flying machine, some 
of which were later to prove of greater significance than that of the Wrights, 
but the two Americans were undoubtedly first both with powered, sustained and 
controlled flights (their initial straight powered flights were on 17th December, 
1903) and with the truly practical aeroplane. 

This lecture confines itself to the development of the aeroplane during the 
period 1908-58, and considers its subject under three headings: 

(1) Aerodynamics. 
(2) Structure. 
(3) Power plant. 


A picture of the overall results, in terms of actual production, which has 
resulted from the 50 years of aircraft development examined in this lecture 
is difficult to obtain. A world total of more than £200 thousand million (in 1958 
values) has been spent on aviation during this period and it would appear, from 
such figures as are available, that something over 1} million aeroplanes have 
been built. As production articles, these have varied in value from light aeroplanes 
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at a few hundred pounds to large jet bombers and transports each worth several 
million. The total is made up of about 5,000 before 1914; nearly 200,000 during 
the First World War; about the same number between the Wars; nearly 700,000 
during the Second World War and getting on towards half a million since. 


More than a third of the total were manufactured in United States. 


THE AEROPLANE’S AERODYNAMICS 


Most of the fundamental aerodynamic principles governing elementary low- 
speed heavier-than-air flight were discovered, almost entirely by trial-and-error 
methods, during the nineteenth and first few years of the twentieth centuries. 
Although notably F. W. Lanchester had defined the main bases of modern 
aerodynamic theory in the 18gos, his work was not published at the time and 
the Wright Brothers and other pioneers designed and built their first successful 
aeroplanes to conform to experimentally-established principles, which dictated 
particularly the general configuration, the wing section, the dimensions and the 
arrangements for stability and control. 

The first practical aeroplanes were of three basic types. Although a number of 
other configurations were tried at this time, these were not significant in the 
pioneering phase. The three important types were: 


(1) The Wright tail-first biplane. 'The first type of workable aeroplane was 
of this type. It was unstable and seems to have been quite difficult to fly. The 
Wright Flyers had wing warping for lateral control, front elevators, rear 
rudders and no fixed auxiliary surfaces. Although they undoubtedly flew 
better than any other design in 1908, they were already being effectively 
challenged by several competitors in 1909 and had been eclipsed by rgrr. 


(2) The European box-kite biplane. This type—of which the Voisin and 
Farman biplanes were the best-known examples—derived from Lawrence 
Hargrave’s box-kite of 1893. The configuration consisted essentially of two sets of 
lifting surface cells joined together by booms. At first, the cells were exactly 
like those of a box-kite and were complete with vertical ‘curtains’. The latter 
were, however, soon discarded. The first machines fully conforming to the 
box-kite pattern were built as gliders in 1905 by the Voisins in France. However, 
box-kite-type wing cells (without vertical curtains) with separate fixed tail surfaces 
had been tried earlier for gliders by Octave Chanute in the United States, and 
his work led to the Curtiss-type pusher biplane which can be regarded as the 
American equivalent of the European descendants of the Voisin box-kite gliders. 
The European box-kite had a pusher engine, a rear rudder incorporated in the 
tail unit and a front elevator like the Wright biplane but, at first, no lateral 
control. It usually relied instead on the stability imparted by the vertical curtains 
between the wings. Farman made the first cross-country flight (of 164 miles) 
on a Voisin-type biplane on 30th October, 1908. Later, the curtains were removed 
and ailerons added. These were also used on the Curtiss biplanes. The pusher 
biplane descendants of the box-kites, with simplified tails still mounted on booms, 
continued in widespread use until 1918. The front elevator was discarded in 
later designs. 
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Ficure 1. Blériot monoplane. (Repro- 
duced from A History of Technology) 


(3) The European tractor monoplane. This type—of which the Blériot (Figure 1) 
and Antoinette monoplanes were the best-known early examples—derived 
from the monoplane gliders of Cayley and Lilienthal. The first tractor monoplane 
was built by Vuia in 1906, but the first true flights by a monoplane were not 
made until 1908. Blériot used one for his famous first crossing of the English 
Channel on 25th July, 1909. The monoplane had a tractor engine, elevators and 
rudder incorporated in the tail unit and either wing warping or ailerons for 
lateral control. It competed effectively with the biplane up to the outbreak of 
war in 1914, but thereafter suffered a decline, only to revive again in the late 
1920s. 

Tractor biplanes evolved from the box-kite biplane—some of the first were, 
in fact, straight conversions—and began to appear in numbers from about 1910. 
In this type, the engine was moved from the pusher position behind the wings 
to the same position as in the tractor monoplane. An enclosed fuselage replaced 
the tail booms. The first cabin aircraft in 1912 (Avro and Blériot) were a notable 
step. By the outbreak of war in 1914, the tractor biplane had established an 
ascendancy which was to be maintained for about twenty years. Indeed, biplanes 
remained in limited use until the end of the Second World War, and a few 
survive even to-day. A few triplanes achieved short-term success from 1914-18. 

An important development (due mainly to Busk working on Lanchester’s 
theory interpreted by G. H. Bryan) applied to the biplane just before the First 
World War was the use of the right combination of lateral and longitudinal 
dihedral and wing stagger to provide inherent stability. Later came the Handley 
Page slot (1920), differential (de Havilland) or Frise ailerons, and wash-out of 
the wing tips which reduced the risk of tip stalling during turns. These all made 
important contributions to the safety of flying, particularly at night and in poor 
visibilities. 

Aerodynamically, the biplane suffered from the mutual interference between 
the superimposed wings, but this could be mitigated by an adequate gap between 
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the surfaces. Biplane interference was tolerated because the trussed biplane wing 
structure saved weight while permitting the use of thin wing sections of lower 
drag. The biplane arrangement made possible the greater wing area needed— 
partly because of the poor maximum lift coefficients of the thin sections—when 
designing for the short take-off and landing runs then considered essential. 

The biplane thin-wing design philosophy was first challenged by a German 
designer, Hugo Junkers, who patented a thick all-wing monoplane design in 
1g10 and followed this during the First World War with some more conventional 
monoplanes with tails which had thick wings (thickness/chord ratio of 15 to 
20 per cent). A remarkable Dutchman, Anthony Fokker, who was then 
working for Germany, followed Junkers’ example and also used thicker wings 
towards the end of the war. In the 1920s, thick-wing monoplanes came into quite 
widespread use alongside the biplanes and were particularly successful as trans- 
port aircraft in Germany and the United States. Aerodynamic refinements applied 
to the later biplanes and thick-wing monoplanes included, notably, the Townend 
ring and NACA long-chord cowlings on radial engines, the ‘Eversharp’ nose 
with surface, retractable or ducted radiators for liquid-cooled engines and faired 
or, in a few cases, retractable undercarriages—a refinement which had first been 
proposed in 1911 and demonstrated in 1910. 

Research into new wing sections, notably in Germany and by the National 
Advisory Committee for Aeronautics in the United States, led to the develop- 
ment of new sections with much improved characteristics in the later 1920s 
and 1930s. In the 1920s sections like the American Clark Y (which had 
a maximum lift coefficient of about 1-6) were widely used, and thick sections 
developed in Germany were employed in the thick-wing monoplanes then 
popular in that country. 

The thinner NACA so-called four-figure sections made an important con- 
tribution to the success of the first flapped monoplanes which appeared in the 
early 1930s. With split flaps these sections offered in practice maximum lift 
coefficients of about 2°3. In 1934 the NACA Langley Laboratory produced the 
more efficient 230-series sections which, with a slotted flap, gave maximum lift 
coefficients of about 2-4. By 1939 these sections were being used all over the world 
on the cantilever—usually low-wing—metal monoplanes which by then had 
established themselves as the predominant type. These designs incorporated 
other important aerodynamic refinements, notably wing filets, retractable 
undercarriages, long-chord NACA cowlings for radial air-cooled engines and 
ducted radiators for liquid-cooled types. Further NACA developments, the 
4- and 6-series laminar-flow aerofoils, were claimed to offer substantial reductions 
in drag by making possible non-turbulent flow over a larger part of the wing. 
These and similar sections were widely used for aircraft developed during the 
war (Figure 2). 

The table shows that, while there has been a satisfactory improvement in 
cruising characteristics (defined by the maximum lift/drag ratio), there has been 
no significant improvement in maximum lift coefficient if the effect of flaps 
is ignored. Flaps are considered later. 
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FIGURE 2. Progress in wing sections 


The modern cantilever monoplane, whose structural evolution is discussed 
later in this paper, was made possible by work in the later 1920s on the problem 
of flutter, particularly by Duncan and Fraser. They showed how aerodynamic 
and mass-balancing techniques can be used to prevent flutter of control surfaces 
and structures if these are of adequate torsional stiffness. 

The appearance of jet engines after 1939 was to make possible remarkable 
increases in speed in all classes of aircraft. The first to benefit were fighter 
designs and, by the end of the war, speeds were approaching that speed of sound. 
These very much higher speeds were made possible by delaying the sharp 
increase in drag associated with the approach to the speed of sound by going to 
thinner laminar-flow sections and swept-back surfaces. This trend has continued 
since 1945 and now shows itself in high-performance aircraft of all types. The 
swept-wing monoplane can be regarded as a new configuration in which the 
dictates of near-sonic and supersonic speeds have made it necessary to accept 
lower maximum lift coefficients than are achievable with straight flapped wings. 
A typical figure for a modern flapped swept-wing aircraft is 1-8. Wing sweep— 
other than the extreme case of a narrow delta—does not, however, help at higher 
supersonic speeds. It is for this reason that there has been a tendency to return 
more recently to unswept wings in very fast aircraft because they are more 
efficient at low speeds. Wing loadings, which had increased slowly to about 
15 lb./sq. ft. by the early 1930s, have risen sharply during the past 25 years 
and are now well over 100 Ib./sq. ft. for many supersonic types and in the region 
of this figure at take-off for many of the largest bombers and transports. 
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There have been important developments in the design of flying controls. 
Servo surfaces and tabs, to assist the manual operation of the controls, were 
introduced in the late 1920s and early 1930s and are still widely used. Some types 
(Bristol Britannia) even have their control surfaces operated only by tabs. Tabs 
are also used for trimming. At the end of the 1939-45 war, power-boosting of 
controls came into use for larger types, and more recently fully-powered controls, 
in many cases without any manual reversion, have come into widespread use for 
near-sonic and supersonic aircraft. The use of power controls greatly simplifies 
design and development because of the difficulties of getting manual surfaces 
satisfactory aerodynamically. 

One of the most interesting aerodynamic developments of recent years has 
been the emergence of numerous tail-less designs. Tail-less aircraft have been 
flown experimentally since the earliest days—-J. W. Dunne in England was their 
first strong proponent before the First World War. However, since the appearance 
of the jet engine the advantages of this configuration for high speeds and for 
convenient engine installation have led to its adoption for a number of production 
types. Some are deltas—originally due to Lippisch and first flown in 1931—in 
which the long chord provides the required longitudinal damping, while others 
have more conventional swept-wing layouts. 

Increases in speed have been the most remarkable result of aerodynamic 
development. Figure 3 brings this out very forcibly, showing how the steady 
increase during the past 50 years in the air speed record—it has usually been 
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established with special experimental high speed aircraft—has been faithfully 
followed by the growth in speed of the various types of production aeroplane. 
Steps to reduce minimum flying speeds have been notably less successful, at 
least so far as fixed-wing aircraft are concerned. Developments, such as the 
Handley Page leading-edge slot (1920) and many different designs of trailing-edge 
—and more recently leading-edge—flaps (the first flaps appeared on the Royal 
Aircraft Factory’s S.E.4 in 1914) have been produced (Figure 4) which could 
have lowered stalling speeds but, instead, the tendency has been to use them to 
minimize increases in stalling speed which have resulted from increasing wing 
loadings. Wing loadings have themselves increased because of the good effect 
this has on higher-speed performance and on economy of operation. Only 
special-purpose aircraft have used slots and flaps to achieve lower minimum 
speeds. The great majority place the emphasis in other directions. The commonest 


types of flap used to-day are the Fowler (first used 1927) and the double-slotted 
type (first used in 1942). 
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Ficure 4. Types of flap. (Repro- 
duced from Mechanics of Flight) 
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THE AEROPLANE’S STRUCTURE 


Seven main types of aeroplane structure can be identified as of importance 

during the first fifty years of practical aviation. These are: 

(1) The ‘stick-and-string’ biplane 

(2) The braced monoplane 

(3) The metal/fabric biplane 

(4) The metal monoplane without fully stressed skin 

(5) The stressed-skin wooden monoplane 

(6) The metal/fabric monoplane 

(7) The stressed-skin metal monoplane 


There is naturally some overlapping between the types in a classification of this 
kind, as well as considerable variations within each category, but the classification 
is useful because it highlights the most important steps in development. 

The perspective of structural development which emerges from a survey of 
this period starts with a pioneering ‘stick-and-string’ era, during which the 
majority of aeroplanes were biplanes with built-up wooden framework structures, 
covered with fabric. This extended from the first practical aeroplane of 
the Wrights to the middle 1920s. The wood framework biplane was by far 
the predominant type during the whole of this period and was built in very large 
numbers from 1914-18. In the 1920s, at a time when this form of construction 
was beginning to be superseded in the larger sizes, it was used for the majority 
of the first generation of light aeroplanes for private and club flying. The 
de Havilland Moth (1925) was the most important design in this category. 

Developed in parallel with the biplanes were braced monoplanes of all-wood, 
metal or mixed metal-and-wood construction which first found practical expres- 
sion in France in the 1908 monoplanes of Blériot and his contemporaries. 
Cantilever designs—Blériot (1907) and Antoinette (1911)—were first tried at this 
time but proved unsatisfactory. For a time after 1908, braced monoplanes looked 
as if they would compete on equal terms with the biplane, but the type suffered a 
set-back from a series of structural failures in the years just before 1914 and then 
gradually declined in popularity so that it had been almost eclipsed by 1918. The 
monoplane never disappeared completely, however, and it achieved a gradual 
revival in the 1920s, particularly in the United States. The strut-braced single- 
engine high-wing monoplane of mixed construction gradually became popular 
for light civil aircraft, notably with such types as the Taylor Cub and its 
derivatives. It continues to be a common form of construction for this type of 
aeroplane down to the present day. 

The ‘stick-and-string’ biplanes themselves led to the metal/fabric biplane 
whose first great proponent was a Frenchman, Louis Breguet, who built several 
thousand of this type during the First World War. In the early 1920s, British 
manufacturers took the lead in this form of construction when the Air 
Ministry decided that, for strategic reasons, the R.A.F. could no longer rely 
on wood as its main structural material. Existing wooden designs and their 
successors were accordingly given steel or light alloy frameworks, still with 
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Ficure 5. Junkers form of construction. (Repro- 
duced from The Shape of the Aeroplane) 


fabric covering. This was not a very efficient way of using the new materials, but 
it served quite effectively in this country for nearly twenty years. The last 
metal/fabric biplanes went out of use only at the end of the Second World War. 

Metal frameworks, covered with fabric, were also used for monoplane con- 
struction from the late 1920s. Conventional biplane techniques were adapted 
to the monoplane layout in some types (for example, the Hawker Hurricane 
fighter) while new systems (such as Stieger’s Monospar and Wallis’s Geodetics) 
were also evolved to use the same materials. Some employed a tubular wing spar. 

Another form of monoplane construction had been first advocated much 
earlier (from 1910) by the German designer, Junkers. He first proposed a simple 
flying-wing aeroplane and, although he never achieved a pure flying-wing, he 
did later originate the all-metal cantilever monoplane which was made structurally 
possible—with the skin only bearing shear loads—by use of a number of major 
structural members inside thick (15 to 20 per cent) sections which, contrary 
to contemporary thought, he showed to have satisfactory lift and drag 
characteristics. His structural materials were steel and the then new aluminium 
alloy called duralumin which had been developed in Germany by Wilm and was 
first used for aeroplanes in 1912. 

The Junkers form of construction, which features a corrugated duralumin 
skin (Figure 5), was imitated by Ford in America and remained in widespread 
use, particularly by the Germans, until 1945. Another German manufacturer, 
Claudius Dornier, used partially load-bearing smooth metal skins and part fabric 
covering on metal structures. His designs of this type, which first appeared early 
in the First World War, were usually externally braced. He also later went over to 
fully-cantilever stressed-skin structures, but only in the 1930s. 

A parallel monoplane development to Junkers was that sponsored by Fokker. 
In the latter part of the First World War, Fokker produced a number of small 
military aircraft which had cantilever stressed-skin wings of all-wood construc- 
tion (Figure 6). His fuselages were built up from welded steel tubes and were 


105 








JOURNAL OF THE ROYAL SOCIETY OF ARTS JANUARY 1959 





Ficure 6. Fokker form of construction. (Repro- 
duced from The Shape of the Aeroplane) 


covered with fabric. This combination was applied by Fokker to larger civil 
designs after the war and proved extremely successful for nearly twenty years. 
Other designers later made fuselages as well as wings of wood. Wood monocoque 
fuselages had first appeared before 1914. They were used in some numbers 
during the war, particularly by the Germans. In the 1920s the Germans used 
wood monocoque fuselages for their sailplanes and thus showed the possibilities 
of drag reduction by careful design. 

Monocoque fuselages, built of bonded wood, were used for a number of 
American aircraft in the later 1920s. The Lockheed Vega of 1927 was a notably 
clean monoplane which employed this form of construction. It played an 
important part in stimulating the swing to the aerodynamically more refined 
monoplane configuration in the 1930s. The bonded wood form of construction 
was used in Britain in the 1930s—a famous example was the de Havilland Comet 
racer which won the MacRobertson Race from England to Australia in 1934— 
and notably for the even more famous de Havilland Mosquito bomber in the 
1940s. The Comet and Mosquito structure employed a ply/balsa wood sandwich. 

Junkers, when he produced his first metal design in 1915, had attempted to 
make the skin of the all-steel wing contribute fully to the strength of the 
structure. Unfortunately, this design proved to be too heavy to be practical and 
Junkers went over to his successful partly-stressed-skin form of construction 
to which reference has already, been made. Other designers were left to exploit 
the tremendous potential of stressed-skin structures in metal and the Junkers 
company returned to this technique only much later, after others had shown its 
possibilities. 

Another German designer, Adolph Rohrbach, was the most important pioneer 
of stressed-skin light alloy wings. His designs, which appeared in small numbers 
from the end of the First World War, featured a large metal box spar with a 
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smooth skin which formed the major part of the wing to which lighter nose and 
tail sections were added to complete the profile (Figure 7). However, Rohrbach’s 
early designs lacked torsional stiffness and required external bracing to remedy 
this. Also, his aerodynamic design was not usually as satisfactory as his structures: 
higher wing loadings were associated with high power loadings giving poor 
performance. Shorts in England were the pioneers, shortly after the First World 
War, of circular-section smooth stressed-skin light-alloy monocoque fuselages. 
The effectiveness of early light alloy skins was limited by corrosion difficulties. 
The invention of Alclad sheet eventually overcame this difficulty. 

The Rohrbach and Short design techniques were adopted, improved and 
combined in aircraft with lower power loadings by several American designers 
in the late 1920s and early 1930s to produce the modern type of torsionally stiff 
stressed-skin aerodynamically clean monoplane. An important factor behind 
these developments was the tension field beam theory expounded by another 
German, Herbert Wagner (who worked for Rohrbach) in 1928. John Northrop 
was probably the most outstanding of the American designers. His contribution 
of the ‘multi-cellular’ form of wing construction (1932) was to prove particularly 
important and was the forerunner of modern wing structure techniques. 

The stressed-skin metal monoplanes produced by the Americans in the 1930s 
marked the beginning of the type of aircraft structure which was to be built in 
very large numbers during the Second World War, and is still with us to-day. 
The most common configuration is the low-wing monoplane with, in multi- 
engined propeller-driven types, the power units mounted ahead of the leading 
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Ficure 7. Rohrbach form of construction 
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MONOCOQUE FUSELAGE 


Ficure 8. Comparison of frame- 
work with monocoque fuselage 





edges of the wings. The fuselage is a monocoque of generally rounded section 
(Figure 8) which minimizes surface drag and facilitates pressurized accommoda- 
tion in the higher performance types. (The first completely pressurized fuselage 
was flown by Lockheed in 1937.) The tail is a monoplane unit, which at first was 
sometimes provided with multiple vertical surfaces but latterly normally has 
only a single fin and rudder. Since 1940 the nose-wheel undercarriage has 
gradually come into general use. This was not a new development; Breguet and 
Curtiss used it for some of their earliest designs. 

Marine aircraft have been developed since before the First World War in 
parallel with the landplane types. Their configurations and structures have been 
generally similar in the various categories to their land-based contemporaries, 
except that their engines have tended to be mounted higher, either between the 
wings of biplanes or above in monoplanes, to keep the propellers clear of the 
water. Metal hulls—in which Shorts were important pioneers—first appeared 
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in the early 1920s. With the appearance of stressed-skin metal monoplanes, 
flying boats became high-wing types with the engines mounted on the wing 
leading edges. The flying boat has suffered a gradual eclipse since the Second 
World War. 

Many manufacturing refinements have been introduced since the middle 
1930s, notably flush riveting, thicker riveted skins, improved light alloys, plastic 
adhesives (Redux, etc.), spot-welding, complex forgings, and machined skins 
with integral stiffening. Even entirely new materials—titanium and steel—have 
come into increasing use but, as yet, most aeroplanes are still built mainly of 
aluminium alloy sheet, pressings and extrusions riveted together. Changes to 
steel, titanium and perhaps other materials, for higher supersonic speeds at which 
kinetic heating makes existing light alloys unsuitable, will probably lead in due 
course to new forms of structure, but such developments will come into wide- 
spread use only during the second half century of practical flight. 


THE AEROPLANE’S POWER PLANT 


The more important types of engines used in aeroplanes between 1908 and 
1958 can be listed as follows: 





-li ) 
cS aa water cooled 
(3) In-line Piston 
(4) Vee > engines 
(5) Horizontally-opposed ; air-cooled 
(6) Rotary | 
(7) Radial 
8) Turbo-jet | centrifugal or axial Gas 
J | g 
(9) Turbo-prop | compressor J turbines 


All these types of engine have been installed in the designs already discussed, 
in most cases in single, two-, three- or four-engine layouts. As many as twelve 
engines have occasionally been used (Dornier Do X flying boat) and one important 
large modern type (the Boeing B-52 long-range jet bomber) has eight engines. 

The development of the aeroplane’s power plant has centred round a number 
of major technical advances—not always in the design of the engine itself. The 
easiest way to summarize this development is to list these technical steps, which 
have included the first appearance of: 

(1) A sufficiently light, compact and efficient propulsion system (first demon- 
strated: 1903; practical use: 1908). 

Refinement of the four-stroke internal combustion petrol engine, originally 
developed for motor cars, to the point at which it met this requirement was the 
development, against the background of an adequate knowledge of aerodynamics 
and structures, which finally made successful powered flight possible. Airscrews 
had been first demonstrated as early as 1784, but the design of an efficient 
propeller was also an essential part of the Wrights’ success. 

(2) Rotary engines (first demonstrated : 1908; practical use: 1909). 
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The much higher power/weight ratio and smooth running of this type of air- 
cooled engine, compared with the liquid-cooled designs previously available, 
was a major factor in the evolution of the first generation of practical aeroplanes. 
This type of engine proved to have power limitations—for reasons of cooling, 
lubrication, fuel consumption and gyroscopic effects—so that it was superseded 
for all except training aircraft soon after the end of the First World War. It 
gradually disappeared altogether in the 1920s. 

(3) Multi-engine aircraft (first demonstrated: 1911; practical use: 1915). 

This development was at first inspired by a requirement for greater installed 
power in larger aircraft. It led, in due course, to multi-engined aeroplanes which 
retained some cruising performance after an engine had failed, thus providing 
an insurance against forced landings which was essential to the development of 
transport aircraft. In the 1940s and ’sos multi-engined aircraft have been 
developed to the point where an engine failure can be safely provided for at any 
stage of a flight. 

(4) Higher-power liquid-cooled aero-engines (first demonstrated: 1912; 
practical use: 1914). 

Rotary engines and the air-cooled stationary types used in many of the first 
generation of practical aircraft were limited in their potential for development 
to higher powers. The appearance of high-powered liquid-cooled types, which 
were also generally of greater reliability, was therefore an important step. These 
engines were usually geared, which helped to improve airscrew efficiency. 
Some of the most successful wartime designs (for example, the Napier Lion) 
were to remain in use for many years. They were succeeded by progressively 
more powerful types of similar design (the development of which was much 
stimulated by such competitions as the Schneider Trophy) so that large liquid- 
cooled engines such as the 1,000-2,000 h.p. Rolls-Royce Merlin (used in types 
like the Supermarine Spitfire fighter and Avro Lancaster bomber) played a 
major part in the Second World War. The type has still not been entirely super- 
seded, although its days are now numbered. 

(5) Radial air-cooled engines (first demonstrated: 1912; practical use: 1921). 

The radial engine was a logical evolution from the rotary. First tried before 
1914, it reappeared in various practical high-powered forms at about the time 
that the rotary started to fade from the scene because of its deficiencies. British 
types, the Bristol Jupiter and the Armstrong-Siddeley Jaguar (both of about 
400 h.p.), and the American Wright Whirlwind of 200 h.p. and Pratt & Whitney 
Wasp of 400 h.p., came into widespread use in the 1920s alongside the continuing 
line of liquid-cooled engines. This type is now preponderant in the larger sizes 
of piston engine. Compounding of engines of this type has been extensively 
used since 1950. This development involves extracting additional power from 
the exhaust by means of turbines which feed it back to the crankshaft. 

(6) Engine supercharging, gear or exhaust-turbo driven (first demonstrated: 
1918; practical use: 1927). 

Supercharging started being used in the later 1920s for military aircraft, 
particularly fighters. Its use soon extended to all larger and high-performance 
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designs. All high-powered piston engines since the 1930s have been super- 
charged. The exhaust turbo-supercharger was developed particularly in the 
United States, where it was widely used during the Second World War. Gear- 
driven multi-speed and multi-stage supercharging also became widespread 
during the same period. A parallel development of the greatest importance in 
the 1930s and 1940s was the production of improved fuels of higher anti-knock 
valve. Water-injection for power-boosting also appeared. 

(7) Tri-motor monoplanes (first demonstrated: 1925; practical use: 1926). 

This type was derived by Anthony Fokker out of his successful single-engine 
high-wing monoplane transports. Junkers later used the same engine arrange- 
ment for his low-wing types. These manufacturers had many imitators during 
the next ten years, and the type remained in widespread use for transports 
until 1945. 

(8) Monoplanes with multi-engines wing-mounted (first demonstrated: 1920; 
practical use: 1931). 

This arrangement of the engines, pioneered in Europe by Rohrbach at the 
end of the First World War, was a vital element in the design of the modern-type 
monoplanes, the development of which was initiated by the Americans in the 
early 1930s. Twin engined types of this design were the first with an 
adequate single engine performance. An engine refinement soon adopted in 
these aircraft was carburettor de-icing equipment made necessary by their 
increased all weather flying capabilities. Improved, higher octane, fuels also 
made an important contribution to higher performance in the 1930s and 1940s, 
while water injection came into use to boost power on take off. 

(9) The ‘ Eversharp’ nose and smooth cowling of liquid-cooled engines, 
together with surface, retractable or ducted radiators (first demonstrated: 1919; 
practical use: 1926). 

Although pointed cowlings were used on some aircraft from the end of the 
first war, it was the Curtiss D.12 installation in the Curtiss R-6 Racer of 1922 
which first showed the full possibilities of drag reduction by this means. This 
type of cowling was progressively refined and eventually came into general use 
on liquid-cooled engines. It has since usually been used on this type of engine, 
often with the ducted radiator which was pioneered by Meredith at Farnborough. 

(10) Improved cowling of radial engines (first demonstrated: 1928; practical 
use: 1930). 

Rotary engines were enclosed in circular cowlings in many First World War 
types, partly to reduce drag and partly to contain the oil thrown out by the 
rotating engine. Rather similar long-chord cowlings were developed by the 
NACA in America in 1928. These cowlings greatly reduced the drag and 
improved the cooling of radial installations and made an important contribution 
to the success of wing-mounted engine arrangements by smoothing the airflow 
over the wings. Cowling gills were later added to control the engine cooling. 
The Townend ring cowling was a contemporary, but less effective, British 
development with a similar objective. 

(11) Variable-pitch propellers (first demonstrated : 1928 ; practical use : 1932/33). 
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Another development first widely used in the new monoplanes was variable 
pitch—and, later, constant speed and reversing—propellers. These greatly 
improved performance and, in conjunction with supercharging, increased 
operating heights. The first truly practical variable pitch (and constant speed) 
propeller was the Hele-Shaw Beachem, which was flown in England in 1928. 
It was not developed at the time and introduction of the Hamilton-Standard 
design in production aircraft was left to the Americans. After 1934, the constant 
speed airscrew gradually came into general use on almost all propeller-driven 
aircraft except in the smallest sizes. 

(12) Jet engines (first demonstrated: 1939; practical use: 1944). 

The aircraft gas turbine, originally conceived by Dr. A. A. Griffith and 
Sir Frank Whittle in the later 1920s, was under development in the 1930s and 
took practical form in the 1940s. The first jet engines were used in fighters (the 
first production jet aeroplane was the Messerschmitt Me 262 fighter of 1944) 
and were installed in the fuselages of single-engine aircraft or, initially, in 
conventional wing nacelles on multi-engined types. More recently, jet engines 
have come to be used for almost all military applications, as well as for civil 
aircraft with operating speeds of over about 450 m.p.h. The first jet airliner to 
enter service, the de Havilland Comet 1, did so in 1952, only to be withdrawn 
two years later after a series of accidents attributed to fatigue of the fuselage. 

Since the war, multi-jet designs have employed a variety of alternative engine 
installations: they have been buried in the wing roots or fuselage or carried in 
pods attached to the wings or fuselage. Engines have usually been buried in the 
wings in the larger British and Russian designs and mounted in wing pods in 
America. The first jet engines had single-stage centrifugal compressors, similar 
to those used for piston-engine supercharging, driven by single-stage axial 
turbines. Later, multi-stage turbines have come to be used, together with 
multi-stage axial compressors. Maximum powers are boosted by water injection 
or after-burning. Important further developments include twin-spool, by-pass 
and ducted-fan engines. 

(13) Turbo-prop engines (first demonstrated: 1945; practical use: 1953). 

The turbo-prop was a logical application of the gas-turbine for slower aircraft. 
It has found its main application in civil transports and certain types of naval 
aircraft. Compressors are either centrifugal, axial or a combination of both. The 
twin-spool layout is used for the more advanced designs of turbo-prop and 
water-injection is sometimes employed for power boosting. 

(14) Rocket engines (first demonstrated: 1939; practical use : 1944). 

Solid-fuel rockets were first used experimentally for aircraft propulsion in 
Germany in 1928. The first flight with a liquid-fuel rocket engine took place, 
also in Germany, in 1939. This led to the development of the only production 
aircraft to date with exclusive rocket power, the Messerschmitt Me 163, which 
was used operationally towards the end of the war. Since 1945, rocket motors 
have been used in mixed-power plant installations, as take-off boosters or as the 
main power units of experimental aircraft—notably the American Bell X-1, 
in which the speed of sound was exceeded for the first time on 14th October, 1947. 
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HALF A CENTURY OF DEVELOPMENT 


In fifty years, the aeroplane has progressed from the tentative experimental 
flying machines of 1908 to the highly-developed military aircraft, airliners and 
light aeroplanes of to-day. By way of summarizing this development, if we 
compare (Table, pp. 114-15) the main characteristics of the Wright biplane of 
1908 with those of three modern American aircraft of widely differing types 
which are representative of best current design practice in three of the most 
important categories of aeroplane—the Lockheed F-104A jet fighter, the Boeing 
707-120 jet transport and the Cessna 310B light aeroplane—one of the most 
striking advances is seen to be in maximum speed: instead of the 40 m.p.h .of the 
Wrighter Flyer and its contemporaries—about the average cruising speed of 
a modern family car—the modern light aeroplane cruises at a speed approaching 
200 m.p.h., the commercial transport at about 85 per cent of the speed of sound, 
while the highest performance military aircraft can fly at more than double the 
speed of sound. A large part of this spectacular progress in speed has taken place 
during only the past thirteen years. The plot of world speed records in Figure 3 
shows that there was steady progress in the period 1908-44, which raised the 
record to about 470 m.p.h. with an increase of about 12 m.p.h. per year. However, 
since 1945 with the appearance of jet propulsion, the record has risen to over 
1,400 m.p.h. in only 13 years—an average rate of increase of 72 m.p.h. a year! 
Actually, this is not the whole story because rocket research aircraft have achieved 
still higher speeds, although not under record-making conditions. 


The two most important developments which have made these speed increases 
possible are reductions in drag—at the same time as structures have been enor- 
mously increased in strength—and growth in power, for low weight, offered 
for high-performance aircraft by the new turbine engines. Even the piston- 
engined light aeroplane is twenty times more powerful than the 1908 Flyer, 
which enables it to carry five instead of two people at five times the speed. The 
installed power in the large turbine-powered bombers and transports is of the 
order of 1,000 times greater than was available in the first practical aeroplanes. 


Trends in minimum flying speeds have been less satisfactory. None of the first 
generation aeroplanes had any practical speed range—they had to be flown the 
whole time just above the stall. This particular characteristic has since been 
remedied, but the stall has still to be approached at every landing and flight at 
speeds near the safe minimum remains essential in normal operation. The 
minimum speed of 31 m.p.h. of the Wright Flyer has risen to 60-80 m.p.h. for 
modern light aeroplanes and to speeds of go to 130 m.p.h. for transports and 
military aircraft. Some of the latter now have stalling speeds as high as 150 m.p.h. 
These increases in minimum speeds have been associated with remarkable changes 
in ground facilities. Whereas the Wright Flyer normally took-off from a simple 
wooden rail 160 ft. long and could land on its skids on a few yards of level grass, 
the modern high-performance aeroplane—whether military or transport— 
requires 10,000 ft. runways made of concrete 2 ft. thick. Even light aeroplanes 
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nowadays normally need something like a 3,000 ft. field, preferably with hard 
surface runways. 

Trends in the effectiveness of wings at their job of providing lift are indicated 
by the maximum lift coefficients achieved (Figures 2 and 4). The Wright Flyer’s 
coefficient seems to have been only about 0-93. By the use of flaps and greatly 
improved wing sections, this figure has been increased to the region of 2-6 to 
2°7 in many modern straight-wing aircraft. However, maximum lift coefficients 
have more recently declined to about 2 in. swept-wing designs, a figure which 
is also representative of straight-wing types— including light aeroplanes—with 
simple types of flap. The low lift coefficient of the F-104 is explained by the 
large proportion of the gross wing area which is projected across the fuselage. On 
net area, the figure is 2-33, achieved with a section only 3-4 per cent thick by 
means of nose flaps and blown trailing edge flaps. 

Increases in lift coefficient have done something to mitigate the effect of the 
astonishing growth in wing loading which has taken place, particularly in the 
past twenty-five years. Wing loadings of a few pounds to the square foot were 
general in the pioneering days and such loadings are still used for sporting 
sailplanes and ultra-light aeroplanes. By the early 1930s, loadings of 
10-15 lb./sq. ft. had become normal for all types of aeroplane by a process of 
gradual increase over the years. The flapped monoplanes of the mid-1930s 
raised the figure to 20-30 lb./sq. ft. and, in the past twenty-five years, it has 
continued to increase rapidly for high-performance aircraft, which may now have 
loadings as high as 100 or more. Light aeroplanes have remained at about the 
mid-1930 level (15-30 lb./sq. ft.). 

Changes in configuration and developments in structural methods and materials 
have made the biggest contribution to perhaps the most significant of all the 
contrasts between 1908 and 1958. The growth in size and range of the aeroplane 
during this period has been even more remarkable than the advances in speed. 
That aeroplanes of 150 tons and more should to-day be carrying loads equivalent 
to 150 passengers 3,500 miles non-stop across the Atlantic atspeeds of 550 m.p.h., is 
indeed a far cry from the faltering flight of those first flimsy aeroplanes of 
fifty years ago. 
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Ill. THE FUTURE OF THE AEROPLANE 


by 
ERIC MENSFORTH, C.B.E., M.A., M.I.Mech.E., F.R.Ae.S., 
Chairman, Westland Aircraft Ltd. 


Monday, 8th December, 1958 


INTRODUCTION 


Whilst an aeroplane is normally considered as a heavier-than-air vehicle, 
manned or unmanned, deriving its support and control from air flow, the Society 
has suggested that this lecture should also deal with Rockets and the prospects 
of space travel. The earlier lectures have factually reviewed birth and effective 
development. The future must of course be somewhat speculative, but in spite 
of immense achievements in a short time—many of the pioneers are still living— 
there is no technical reason why the rate of progress should not continue; almost 
anything is possible as to speed, altitude and load. 

Aviation involves such a wide range of sciences and skills that here it is only 
possible to attempt a general treatment. Also, there are security restrictions 
on most military projects and understandable reticence as to firms’ own com- 
mercial future ideas. Therefore my attempt will be to summarize the environment 
in which development may proceed, the trerd of its likely results and the probable 
controlling factors. No exhaustive list of projects has been possible, and apology 
is made for the many distinguished ones omitted. 

Resources devoted to aviation have resulted in many metallurgical and 
engineering developments valuable in wider fields: with the driving force still 
man’s spirit of adventure, this will continue, as there are most exciting prospects 
ahead. 

RESEARCH 


Progress involves long-term pure research and short-term ad hoc work; pro- 
grammes are concerned not only with supporting current designs but with 
looking a long time, ahead. Present results are the basis for a new design concept 
which from inception to practical use may well take ten years. The whole business 
is essentially competitive and the time scale is as important as the actual results: 
‘better late than never’ does not apply. There remains great scope for aero- 
nautical research, and it is still essential to national survival and industrial 
prosperity. The scale of effort in the past has been closely related to military 
needs. With many claimants upon limited national technical resources it may be 
that in the future a smaller proportion will be devoted to aeronautical affairs. 
This makes the correct choice of objectives very important, involving as they do 
great skill and the taking of risks; particularly in the United Kingdom there 
must be a high degree of specialization. 

With such great advances already made is there a prospect of rapidly 
diminishing returns? Probably not; even without big increases of speed, altitude 
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or load, there are worth-while prizes to be won, e.g., relating to operating costs, 
to all-weather reliability, to avoidance of long runways, to overall time saving 
and to noise reduction, which will justify great effort. 


AERODYNAMICS 


Aerodynamic theory has until recently assumed two-dimensional flow and 
a rigid flight structure. With supersonic aircraft employing slender shapes with 
wing aspect ratios of unity or less, air flow must be treated as three-dimensional. 
The success of the present generation of British aircraft has been achieved with 
insufficient aerodynamic research equipment. Now, however, fine new equipment 
has been provided at the government establishments and in private industry: 
some indication of what is involved is that the new supersonic, Mach 2-5, Wind 
Tunnel at Bedford requires 80,000 h.p. 

The compressed air readily available from jet engines will be used to improve 
aerodynamic characteristics. The power plant will then be employed for both 
propulsion and lifting. By sucking over large areas laminar flow is maintained, 
thus greatly reducing drag; by blowing along the wing trailing edge a jet flap 
is produced giving much larger wing lift coefficients than those possible with 
conventional flaps, thus reducing landing speeds. Many problems arise in 
supersonic flight affecting stability and control, e.g., a divergence in yaw or 
pitch at a particular state of roll, and reduction and possible loss of directional 
stability as Mach number increases. In hypersonic flight actual dissociation of 
the air in the flight path may occur. 

Reference is made to Sir William Farren’s 44th Wilbur Wright Lecture, 
“The Aerodynamic Art’, to the Royal Aeronautical Society. 


PROPULSION 


It used to be stated facetiously that anything could be flown, given a suitable 
engine; this is nowtrue, as jet engines deliver a thrust much in excess of the total 
of their own weight and that of fuel. The ultimate performance of an aeroplane 
certainly depends on the engines. Piston engines now operating seem to be at 
the end of their useful development; individual ratings have reached 3,500 h.p. 
The gas turbine started about twenty years ago as a simple compressor turbine 
cycle with a weight one quarter that of piston engines; it has since developed 
remarkably, in terms of thrust since the end of the Second World War from 
2,000 to 20,000 lb., becoming, however, with increasing power more elaborate 
and costly. There is no reason to suppose that as operational experience 
accumulates and as metallurgical improvements occur there is not still inherent 
in the turbine engine just as much room for improvement as successive 
generations of piston engines have shown; present thrust to weight ratios may 
be doubled. 

In a survey of British engines, Mr. J. H. Stevens, in his 1956 Keith Lecture 
to the Royal Scottish Society of Arts, elegantly expresses the power spectrum, 
excluding nuclear engines, up to an altitude of over 80,000 ft. and a speed of 
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2,000 m.p.h. Various engine categories, the first three air-breathing, the last 
independent of the atmosphere, may be recognized. 


(a) Turbo-prop: e.g., the Rolls-Royce Dart, delivering about 3,000 h.p. 
from a weight of about 0-5 tons; Tyne, 5,000 h.p. with a fuel consumption 
of o-4 lb. per h.p.hr. equal to the best achieved by piston engines; Napier 
Gazelle, 1,200 h.p. free turbine, used in helicopters: are suitable for up to 
say 500 m.p.h. and 40,000 ft. 


(6) Turbo-jet: e.g., Bristol-Siddeley Olympus, thrust over 17,000 lb., are 
suitable for subsonic flight, i.e., over 500 m.p.h., up to supersonic conditions 
of around 2,000 m.p.h. They may be improved in a number of ways, e.g., 
with after burning, or as by-pass units; a thrust reverser to assist braking on 
landing may be fitted: reduction of noise requires continuing development 
work; all these may add to weight or complication. 


(c) Ram-jet: e.g., Bristol Bloodhound: are essentially for high flight speeds, 
above Mach 2:5; simplicity results from their obtaining compression from 
ram effect. 


(d) Rocket: this, the oldest internal combustion engine, is independent of 
the atmosphere, carrying its own oxygen. It is peculiarly suitable to great 
speeds and heights. By using successive stages earth escape velocities, i.e., 
25,000 m.p.h., can be reached. 


FUEL 


Energy for propulsion is stored in fuel: until recently only hydrocarbon fuel 
was used—petrol in the piston engine, kerosene in the turbine. Three criteria 
basically affect the choice of fuel: the energy available per unit of weight, volume 
and combustion air. The first affects payload, the second tank space, the third 
engine size and with it weight and drag. Fuel must, of course, conform with 
standards, reasonable for the particular application, for safety, storage and 
handling. Whilst there are a wide range of useable hydrocarbon fuels, between 
pure hydrogen and pure carbon, it seems impossible to improve simultaneously 
their weight and volume energy. An alternative is to use metals, e.g., aluminium, 
magnesium, titanium or silicon, providing a volume factor say 24 times that of 
kerosene: a serious difficulty is to be expected with particle deposition at practic- 
able operating temperatures in engines with moving parts. Boron, with a weight 
energy one-third better and volume energy four times that of kerosene, may be 
developed into a practicable fuel as a borane, a compound of boron and hydrogen. 


High exhaust velocities of rockets require combustion gases with low mole- 
cular weights and high temperatures. A conventional bipropellant arrangement, 
providing fuel and oxidant, e.g., the Vanguard Satellite first stage, uses liquid 
oxygen and kerosene; with temperatures between 2000°C. and 3000°C. exhaust 
velocities of between 6,500 and 8,000 f.p.s. can be reached; with liquid hydrogen 
and liquid oxygen these might be 3,000°C. and 13,000 f.p.s., capable of further 
increase if liquid fluorine were substituted for oxygen; if free radical propellants 
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could be stored, e.g., atomic hydrogen, then 5,000°C. and 40,000 f.p.s. is possible. 
These would all involve considerable problems in developing combustion 
chambers to withstand such temperatures. 


Nuclear energy offers a heat source of low fuel weight and long endurance. 
Its use in an aircraft gives rise to serious crash hazards in releasing fission pro- 
ducts and this, with the problems involved in its development and the great 
potential still available in other fuels, is likely to delay its use. It is, however, 
worth theoretical investigation; a supersonic transport operating over a stage 
length of 3,000 miles with ordinary engines might have an all-up weight of 
400,000 lb., speed 1,200 m.p.h., cruising thrust 60,000 lb., take-off thrust 
150,000 lb., structure weight 25 per cent, fuel 55 per cent, and payload to per 
cent or less. A nuclear version might require a core producing about 600 m.w. 
of heat and an investment of 300 kgm. of U.235, giving a range in excess of 
250,000 miles: with minimum radiation shielding it might just be possible to 
achieve a similar payload. An alternative would be to avoid crew, controlling 
the aircraft from a distance, operating on a shuttle service as a tug, and landing 
in suitably remote places for refuelling: operation from a charge may perhaps 
be limited to 50-100 days. 


Nuclear energy may be applied to rockets; reactor coolant, after passing 
through the core, could be expanded out: with reactor temperatures of about 
4000°C. exhaust velocities of say 32,000 f.p.s. might be obtained. A nuclear 
rocket, or a free radical propelled rocket, would seem to be the means of achieving 
reasonably low mass ratios, such that large payloads could be sent into space. 
Nuclear rockets would desirably have that degree of reliability which would 
guarantee their not returning uncontrolled to earth. 





Ficure 1. Vickers VCro transport aircraft 
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IMMEDIATE DEVELOPMENT 


In considering this, a recapitulation of current performance is useful. Subsonic, 
over 500 m.p.h. aircraft, are in regular operation, e.g., Avro Vulcan Bombers, 
and De Havilland Comet IV air liners. Over the last ten years research has 
raised speeds from 600 m.p.h. to 2,000 m.p.h. with a variety of piloted experi- 
mental aircraft. This year the absolute speed record was brought up to 
1,407 m.p.h. Earth satellites, travelling at 20,000 m.p.h., have been placed in 
orbit by the U.S.S.R. and U.S.A., and the latter has shot a moon probe to a 
height of 79,000 miles. 

The new aircraft which will fly or come into service in the next, say five years, 
were conceived some years ago and their characteristics are already determined. 
Examples are: 

(a) Military: supersonic fighters around Mach 2, e.g., the English Electric 
P.1.: fast attack, e.g., Blackburn NA39. 

(6) Research aircraft: e.g., the North American X15, flying at Mach 5, 
and 500,000 ft.: 22 ft. span, 50 ft. long, 31,000 Ib. weight; liquid oxygen and 
ammonia 60,000 Ib. thrust engine: structure of inconel, titanium and stainless 
steel. The cost of three or four aircraft is reported as $121-5 million. 

(c) Long range subsonic transports: e.g., Vickers VC1o, on order by 
B.O.A.C., 299,000 lb. gross weight, 140 ft. span, 158 ft. length, about 
600 m.p.h., 152 passengers; four Rolls-Royce Conway by-pass turbo jets, 
each of about 20,000 Ib. thrust, will be situated at the tail fin, thus leaving an 
uncumbered wing surface for maximum aerodynamic efficiency and protecting 
the passengers from jet buffeting and noise. 

(d) Medium range subsonic transports: e.g., the De Havilland DH12r, 
on order by B.E.A., 600 m.p.h., 100 passengers, with three rear-mounted 
turbo jets; suitable for stage lengths of about 1,000 miles and to operate from 
6,000 ft. runways. 

(e) Turbo-prop short and medium range transports: e.g., the Vickers 
Vanguard, 425 m.p.h., 139 passengers, designed to give very low operational 
costs. 

(f) Specialized freighters: e.g., Hawker Siddeley Argosy, 296 m.p.h., 
27,000 Ib. load. 

(g) All-weather multi-engine vertical lift aircraft of relatively slow speed, 
short range, say up to 250 miles: e.g., the Westland Westminster helicopter, 
or the Fairey Rotodyne, rotary wing compound, both using twin Napier 
Eland turbines and carrying a load of 5-6 tons, or about 40 passengers, at 
150/185 m.p.h. 

(h) Missiles of intercontinental range may be expected to be available. 

(i) Unmanned space rockets should be regularly reaching escape velocity 
with small payloads. 

The nature of the following generation of aircraft can already be discerned. 
The time taken to solve the development problems will depend on the magnitude 
of the resources deployed. An attempt will now be made to look ahead a further 
ten or twenty years. 
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MILITARY AIRCRAFT 

The vital factor in the future of military aircraft is the development of nuclear 
explosives—which have increased by over one million times the destructive 
power of a single bomb—which, being of moderate weight, may be delivered by 
a vehicle of greai speed and range. Some bombers will continue to be manned so 
that they may patrol to avoid surprise attack and to permit of recall when once 
they have begun a mission, Ultimate speed, fast, say Mach 2-5, or very fast, 
e.g., say Mach 10, will depend on political choice within the technical possibilities 
of balancing fuel consumption against duration. The development of the inter- 
continental ballistic missile may be less concerned with fundamental design 
and more with the task of reducing preparation time for firing, increasing 
reliability, and avoiding detection. 

The terrible fact about any of these vehicles is that a single bomb delivered 
without any great need for accuracy can do damage which, when multiplied 
a few times only, may be decisive. An aggressor can accept losses knowing that 
they need not be repeated if any of his force succeeds in its attack. The burden 
of defence is enormously increased ; it has to be very close to 100 per cent effective 
or fail. The United Kingdom official policy is to develop no new manned fighters; 
in the U.S.A. manned fighters of very advanced performance are perhaps fore- 
shadowed by the research aircraft mentioned earlier. Alternative defence is by 
the ground-to-air guided weapon; particularly when equipped with a nuclear 
warhead, such a weapon should be effective. Unfortunately, it must rely on 
electronic devices which are vulnerable to similar interference, and it is difficult 
to be optimistic about 100 per cent interception. It is to be hoped that with 
vigorous development intended to stop any aggressor from seizing a temporary 
advantage, a position of stalemate will continue. Then there remains the 
probability of local wars which may appear to present opportunities of turning 
the flank ; whilst both sides threaten nuclear retaliation there may be manceuvring 
and fighting with conventional weapons. Existing knowledge and experience is 
adequate to provide these in any form desired, e.g, fast low ground attack, 
submarine search and strike. There will be a certain need for fast long-range 
transport aircraft, capable of transferring troops and equipment from head- 
quarters in their own homeland to any part of the world by routes which offend 
no intervening susceptibilities or necessitate intermediate hospitality in refuelling. 
Aircraft of this kind will not be unlike, and may well be developed simultaneously 
with, new civil airliners. 

CIVIL AVIATION 

Civil aviation basically sells speed; it is never likely to be enjoyed for itself 
in the way that cruising at sea is; its business is to deliver people and goods 
quickly. To do this it must not waste a disproportionate amount of time at 
terminals. It is the overall length of time which matters, and by savings here, 
gains may be made as important as those from aerodynamic advances. There 
may, moreover, be a clash between flying speed and the overall service expected 
by the passenger. Transport systems in a stable state commonly provide a service 
frequency about equal to the travelling time; e.g., steamer services taking a week 
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to cross the Atlantic run weekly. As an aircraft flies faster, reducing journey 
time, so does it generate a demand for higher frequency and this may, for a 
period during which the traffic demand increases, require the use of an aircraft 
smaller than the optimum. 

A basic feature which emerges from the complex studies available on the 
economics of civil aircraft operation is that as range increases so it has become 
profitable to fly at progressively higher altitudes—where drag for a given speed 
decreases—and at higher speeds—since with jet propulsion efficiency increases 
with speed. This matter is analysed in the 1956 Wright Brothers lecture to the 
Institute of Aeronautical Sciences by Sir Arnold Hall. The crux of to-morrow’s 
problem is the use of fuel to the best advantage in climb, cruise and let-down. 

It appears, and this is reflected by present operating trends, that the best 
profit margin to the airline operator will occur immediately with the following 
aircraft, assuming similar sizes: for no runway restriction on take-off, the turbo- 
jet flying at about 45,000 ft. and 600 m.p.h. cruising speed, over a range from 
1,000 to 5,000 miles; for a runway restriction of say 3,000 ft. on take-off, the 
turbo-prop aircraft at approximately 35,000 ft. and 450 m.p.h. cruising over 
similar ranges. The validity of this conclusion can be affected by timing. The 
Vickers Viscount and Rolls-Royce Dart combination arrived exactly at the time 
when new short-to-medium-range air liners were wanted. The long-range turbo- 
prop has, however, overlapped with the jet liners to disturb the normal sequence 
of development; in spite of the certain economy of the turbo-props, they may 
face difficulty in establishing themselves because of politics and the settled 
habits of airline operators in consistently seeking more speed. 
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Supersonic airliners already planned should achieve operating costs com- 
parable with present-day levels. The choice of cruising speed is open: the lowest 
speed would be 800 m.p.h. (Mach 1.2) when ideally the aircraft would have 
subsonic flow over the wing, probably over the tail and fin, thus delaying the 
onset of transonic drag rise. Having achieved this, however, the aircraft would 
be sensitive to changes in cruising conditions and be capable of little development; 
the wing would have an aspect ratio of about 3 with a 50°/60° sweep back; 
this should bring no unduly difficult low speed and landing problems. The next 
speed would be about 1,200 m.p.h., when an economic cruising performance 
would be obtained with a very slender wing plan form of aspect ratio unity and 
sweepback 70°/80°; this would probably take the form of an all-wing aircraft 
of (say) 7,000/8,000 sq. ft. area, sufficiently large to contain the passenger accom- 
modation. This configuration brings low-speed problems which we can expect 
to overcome by novel devices such as jet deflection; variable wing geometry, 
such as that projected by Dr. Wallis of Vickers, may also be relevant. The next 
speed would be about 2,000 m.p.h. (Mach 3), where the turbo-jet engine operates 
close to its optimum. Such an aircraft introduces entirely new problems of 
kinetic heating, and consequently of new structure and of new engine layouts. 
Its development would be a project of great magnitude, prudently to be under- 
taken only after experience at the highest lower speed possible with existing 
structures and development of known engines, possibly between 2-2 and 
2°4 Mach. 

The development of faster aircraft, within the limits of conventional shape 
and structure, is likely to continue the historical trend in absolute terms of 
cheaper and cheaper flying. Costs per passenger mile have fallen from (say) 
rod. in 1920 with speeds of 50 m.p.h. to 4d. in 1958 with speeds of 400 m.p.h. 
But it will be prudent to expect a stage at which, at least for an appreciable and 
expensive development period, the economy of the ‘faster and higher’ philosophy 
reaches its optimum. Beyond this the desire for speed and very short travel 
times may have to be paid for: high Mach number flight requires also high 
altitude. The aircraft engineer is now faced with structural, aerodynamic and 
air cabin-conditioning problems which are likely to encroach on economic pay- 
load. 

But higher cruising speeds are even now contemplated. A recent Bristol study 
is concerned with a power plant combining turbo-jets for take-off and landing 
with ram-jets for high-speed cruising. Both are built into the wing thickness 
and use a common supersonic air intake. A flexible arrangement results, with the 
possibility of a payload 50 per cent greater than that of a turbo-jet, when operating 
at a long range of 3,500 miles and a speed of Mach 3. The U.S.A. Navaho 
unmanned, winged, nuclear delivery vehicle design study is propelled by 48 in. 
twin ram-jets, with initial launching by rockets of around 400,000 |b. thrust 
to give a Mach 3 performance at a range of 6,000 miles. The cost was estimated 
at $620 million, a useful indication of what may be involved in such development. 

Still faster travel may be achieved by initial acceleration to a great speed and 
height and then gliding to the destination—the ‘boost glide’ technique, with 
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FIGURE 3. Bristol combined turbo-jet 
and ram-jet transport aircraft project 


flight durations of (say) one hour for distances of around 10,000 miles. Formidable, 
but certainly not insuperable, problems arise of accommodating passengers in 
such circumstances. 

Immediately foreseeable passenger flight at (say) 1,200 m.p.h. would reduce 
the time taken from London to New York to about three hours. Such a fast time, 
whilst posing problems in respect of reconciling convenient departure and 
arrival times with economic aircraft utilization, would also permit a worth while 
increase in operating economy by eliminating elaborate flight catering, particularly 
the weight of equipment and stewards. 

The flying boat suffered an important weight penalty because the hull had to 
withstand the loads of high water speeds. Developments which reduce take-off 
and landing speeds may permit again of its useful development. Open water 
spaces in cities and in undeveloped areas present an opportunity to the 
amphibious helicopter, in regard to which it has already been demonstrated 
that there need be no weight penalty. 


STRUCTURES AND SAFETY 


At flight speeds in excess of Mach 2 kinetic heating becomes important; 
at 2,000 m.p.h. the temperature rise may be 300°C. Not only has the strength 
of the structure at high temperature to be considered, but we also enter a field 
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now known as aerothermoelasticity. Studies have been made of the type of 
materials of which future high Mach number aircraft will be constructed; for 
the civil transport titanium alloys are likely to be favoured because of their high 
strength/weight ratio at the lower temperatures, the gust case during transonic 
flight probably being the criterion rather than the high temperature effect at 
high Mach number; if the latter were the criterion, then steel would be just as 
suitable. Low temperature high strength/weight ratios are very important, 
provided strength at high temperature is adequate. 

An important structural question is whether design should be based on the 
philosophy of guaranteed life within which structural failure will not occur, 
ie., ‘safe life’; or on that embodying the view that if failure occurs it does 
not cause catastrophe, i.e., ‘fail safe’. The ‘safe life’ requires the determination 
of the safe fatigue life of any component, which is then replaced well within 
this period. ‘Fail safe’ permits failure, provided this is certain to be detected 
sufficiently early by inspection. This is the subject of much investigation which 
will have an important bearing on future development, particularly in deciding 
whether fatigue tests on complete aircraft should continue to be mandatory. 
This work might increase the life of civil aircraft to (say) 20 years. Until now 
obsolescence has been the main factor, but this may become increasingly less 
important, thus favourably affecting operational costs so long as the replacement 
market, with expanding demand, continues to be large enough to justify 
production batches of adequate size. 

Safety is of overriding importance. The use of any novel device affecting 
control or handling can only be permitted after its reliability has been proven. 
It is most important not to design too many unknown factors into any one new 
aeroplane. 


TERMINAL DELAYS AND SHORT JOURNEYS 


It is now accepted that most long journeys will be made by air. Already 
a majority of people crossing the Atlantic, fly. But, even in the U.S.A., of those 
using public transport services for distances between 100 and 250 miles only 
12 per cent go by air; and for distances below 100 miles less than 1 per cent fly. 
Within a 150 miles radius of the Midlands of England reside nearly 40 million 
people; within 200 miles of Brussels, over 70 million; their respective surface 
transport systems are increasingly congested. The distance from London to 
Paris or Brussels is little more than 200 miles. There is here a fine potential 
load for suitable flying machines, but the conventional arrangement, because 
of long terminal delays, is normally unsuitable. A passenger travelling on 
a British internal air service may spend three hours from and to the city centre 
in buses so that, although his-aircraft cruises at 350 m.p.h., he may only achieve 
an average speed of 55 m.p.h. The fastest trains already average 50-60 m.p.h. 
from city centre to centre, and it would be wise to assume that this may improve 
to 70-80 m.p.h. 

In a comprehensive study of the economics and speeds of various travel 
systems—road, rail, air and sea—Mr. Peter Masefield’s 1955 Presidential 
Address to the Institute of Transport considers the possibility of a direct monorail 
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link from city centre to airport by which terminal time might be cut to one hour. 
In which case, an 80 m.p.h. train and a 350 m.p.h. aeroplane would take the same 
overall time to accomplish a distance of 125 miles. 

The helicopter offers a more flexible solution, and one cheaper in capital cost 
if it is assumed that a minority of people are prepared to pay for the fastest 
possible overall speed of travel. But it is unlikely to compete in cost with surface 
transport. Capital costs at say £5,000 per passenger can be comparable with 
those of conventional aircraft, and indeed of Atlantic liners—but they are much 
higher than a bus at (say) £200. Operating costs of (say) 8d. per passenger 
mile are in sight and may well fall to half this sum. Helicopter terminal facilities 
will be much cheaper than airports; they may be situated on the top of large 
commercial buildings. A helicopter capable of averaging 125 m.p.h. would save 
30 minutes on the above 125 mile journey, and would be faster than aircraft 
plus monorail up to about 300 miles. 

For really expeditious medium- and long-distance travel some basic rethinking 
is necessary. The majority of passengers, travelling seldom, perhaps on holiday, 
and satisfied in any case with savings of days or weeks by air, are necessarily 
keenly cost-conscious. But a minority willing to pay for the highest overall 
speed will no longer be content to be put off with leg room and champagne. 
More comfortable accommodation in the same very fast aeroplane will continue 
to satisfy them, but they will rebel against terminal delays and the discomfort 
and frustration of standing and waiting in controlled crowds. One solution would 
be to use a helicopter crane carrying a separate fuselage unit, with conventional 
seating, which alternatively is fitted with road wheels; passengers would take 
their seats as they arrived; baggage would be pallitised and remain so throughout 
for rapid lift-truck handling. The whole would fly to the airport where the high- 
speed aircraft would be waiting, immediately prior to take-off, already loaded 
conventionally with its lower fare class passengers and freight; the unit would 
be towed to it, and transfer quickly effected. At the destination the procedure 
would be reversed and the first-class passengers accorded that priority and prompt 
time-saving attention throughout for which they had paid; some ticket and 
governmental procedure could well take place during the transit time. 


VERTICAL TAKE-OFF 


The ability to hover, to take off and land vertically and to be independent of 
extensive terminal facilities is valuable for many civil tasks, €.g., inter-city 
transportation; exploration; and for military use, e.g., rescue, rapid troop and 
equipment movement independently of terrain, and submarine killing. 

The helicopter is the most efficient method yet devised of vertical lift, but it 
is restricted by its geometry to forward flight speeds not exceeding 200 m.p.h. 
Such a speed, after allowing for average adverse winds, permits of block speeds 
still sufficient to make it the fastest short-range vehicle, up to say 200/250 miles. 
Speed is not its only value: its ability to handle loads of any size or shape within 
its weight limitations will ensure its further development for both military and 
civil tasks. Immediate development is typified by the Westland Westminster, 
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Ficure 4. Westland Westminster helicopter crane 


powered by twin Napier Eland 3,000 h.p. gas turbines, carrying loads of 5-6 tons, 
at 150 m.p.h., weight 35,000 lb., rotor diameter 72 ft. The future is analysed by 
Mr. O. L. L. Fitzwilliams in his paper, “The Giant Helicopter’, read to the 
Helicopter Association of Great Britain in 1951. It concludes—and subsequent 
work supports this—that with gas turbines situated at the blade tips, there are 
no insuperable difficulties in developing a helicopter to transport a useful load 
in excess of 50 tons 100 miles in one hour: such a machine would have a rotor 
diameter of 200 ft. and weigh about 205,000 Ib. There is evidence already from 
the operation of gas turbine helicopters that, with the very low exhaust velocities 
possible, noise levels will be achieved low enough for city-centre operation. 
Operating costs will fall as experience permits component lives to be lengthened 
and as demand facilitates volume production, with its inherent cheapness and 
ability to spread heavy development costs. 

The speed limit of the helicopter may be overcome by various types of con- 
vertiplane. The Fairey Rotodyne, now under flight development, combines 
a rotary and conventional wing, the latter unloading the former in forward 
flight to give a cruising speed of 185 m.p.h. The Bell experimental machine has 
rotors on wings swivelling about a longitudinal axis to bring them from the 
vertical lift configuration into the forward flight one. Convertiplanes suffer from 
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the inherent disadvantage of having to carry, during each flight phase the dead- 
weight of the equipment for the other: optimization as between lift and speed 
remains a compromise. 

An alternative approach is to utilize direct turbo-jet thrust for lift, as in the 
experimental Short S.C.1. This is likely to incur disadvantages from the points 
of view of economy and noise, so far as short-range civil aircraft are concerned, 
but it has military possibilities. It leads moreover to the concept of Dr. Griffith of 
Rolls-Royce; this is a dart-like supersonic airliner designed for Mach 2:5, 
1,650 m.p.h., with a normal stalling speed of about 350 m.p.h. ; it would, however, 
take off and land vertically with a battery of 56 small turbo-jets each of thrust 
about six times its own weight. They would be tilted to aid acceleration and 
braking but for cruising they would be shut off and twelve separate forward flight 
engines used. Experimental work would be necessary to ascertain whether wing 
lift is affected by the airflow into the lift jets. Another possibility is that of placing 
jet engines at the centre of ducted wings capable of swivelling about a longitudinal 
axis. 

The personal or family helicopter naturally excites the imagination. The 
havoc wrought by the automobile, with its simple single degree of freedom, 
is a warning that the man in the street is likely to remain insufficiently trained 
and disciplined to handle a flying machine until the control of this is completely 
automatic in respect of routing and avoidance of collision. This may become 
possible with the development of light compact automatic control systems; 
cost would be greatly reduced by volume production, as there is nothing 
inherently difficult or expensive in making the conventional helicopter other than 
the necessity for using first-class materials, workmanship and inspection. The 
‘personal flying platform’, a ducted fan, is already coming into military use and 
may indicate one line of development. 


CABIN ATMOSPHERE CONTROL 


The trend towards higher speeds and altitudes means that aircraft seek an 
environment unsuitable for man and he must therefore be suitably protected. 
Subsonic and immediate supersonic aircraft are unlikely to need air-conditioning 
arrangements greatly different from those now current. These use compressed 
air bled from the aircraft turbines or from engine driven blowers; this air is then 
initially cooled by passing through a heat exchanger using the temperature 
difference of the ambient air, and then again cooled by expanding through a 
small turbine or, alternatively, by passing through the evaporator of a vapour 
cycle system. This air is used to maintain in the cabin conditions similar to 
those prevailing at an altitude not exceeding 8,000 ft., which an average person 
can tolerate for a long period without ill effects. But there may be one difference 
in the future which basically affects fuselage strength. Due to aerodrome con- 
gestion, it is becoming increasingly important to bring down aircraft in the 
shortest possible time: unfortunately, passengers’ ears are only able comfortably 
to bear limited rates of pressure increase equivalent to 300 ft./min. at ground 
level. In order to permit fast aircraft rates of descent it will be necessary for the 
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Ficure 5. Normalair high altitude 
high temperature research chamber 


cabin to be pressurized to approximately ground level pressures. For 40,000 ft. 
operation this means a cabin differential of 12 p.s.i. compared with the maximum 
differential of g p.s.i. now used. 

Rising speeds and heights bring new problems. Present-day aircraft tend to 
require slight heating at altitude but, as the aircraft speeds increase, there will 
be an increasing necessity to cool the air for conditioning the cabin, and ultimately 
to cool the structure. Also, increasing electrical load requires the dissipation of 
heat. Ram air is used as a coolant to-day, but at speeds of (say) 2,000 m.p.h. its 
temperature, of the order 300°C., will be too high to use as a direct heat sink. 
Instead the fuel passing to the engine may be used, but this has obvious limita- 
tions of the amount of heat which it can absorb. A probable solution to this is 
to use the ram air to drive turbines which themselves drive vapour cycle cooling 
circuits. At operating heights above 80,000 ft. it may be necessary to seal the 
cabin to sea level conditions and include a system of filtration and oxygen 
regeneration. Failure of the pressurization system would lead to the death of the 
passengers and crew within seconds, so that complete duplication of the con- 
trolling equipment would be necessary. Also, we can expect the deletion 
of transparencies to give the simplest possible cabin shape, and, with it, maximum 
structural integrity. At lower heights, however, there are also great risks if 
decompression occurs; at 40,000 ft. unconsciousness will occur within 15 seconds 
or, with oxygen, after very few minutes. For flights above 25,000 ft. and up to 
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(say) 40,000 ft. an emergency oxygen system, now available, automatically 
presented to each passenger on pressure failure, should give a good chance of 
survival during the period in which the aircraft dives to 15,000 ft. or 10,000 ft. 
It may be necessary for the pilot to wear oxygen breathing equipment at all 
times when above (say) 30,000 ft. 

In military aircraft high cabin differentials are obviously dangerous, due to 
explosive decompression, which would cause complete disintegration of the 
aircraft. Also, the crew will have a higher standard of physical fitness and so 
be able to withstand greater rates of pressure change. Nevertheless, for maximum 
alertness of the crew the pressure in the cabin should be maintained as near as 
possible to that of sea level conditions for the majority of the flight, with the 
ability to select 25,000 ft. cabin conditions—i.e., about 4 p.s.i. differential— 
when in the combat area. The failure cases can here be guarded against by 
means of personal equipment such as pressure suits. 


INSTRUMENTS 


Continuing improvements are to be expected in navigational and blind flying 
aids. Airborne radar permits of the timely avoidance of storms. Increasingly, 
frequented routes are being covered by precise position indicators, e.g., the Decca 
system. An automatic device covering the most dangerous stage of landing 
conventional aircraft—that just before touchdown—has recently been developed 
and tested in this country. A review of automatic flight devices is made in Mr. 
G. W. H. Gardiner’s 46th Wilbur Wright Memorial Lecture. Military equip- 
ment already in use shows that completely reliable helicopter operation under 
any weather conditions is practicable. 

All these aids, bringing additional safety, are even more important since the 
advantage of economic fuel use must not be lost as a result of long stand-off 
times or diversions. Aerodrome traffic control is becoming more difficult, since 
quick turn-rounds, an obvious attendant circumstance on high block speeds, 
require careful ‘stacking’ and ‘flight plans’ to avoid airborne wastage of time and 
danger of collision. 


SPORTING AND PRIVATE FLIGHT 


With increasing air congestion and the need for a high standard of control, 
sporting and private flying seems likely to meet even more difficulties. But 
cheaper and lighter instrumentation may offset this and, in particular, enable 
sporting flight to increase in the gliding and ultra-light fields. One of man’s oldest 
dreams now appears to be possible, that of manpowered flight. This is analysed 
by Mr. T. R. F. Nonweiler in a paper in the 1958 proceedings of the Royal 
Aeronautical Society to show that it would be possible, with a conventional 
monoplane of 60 ft. span, with two men cycling (one of them also using his arms) 
to drive wheels for initial acceleration, and a propeller; the power available, 
about 2 h.p., is pleasingly reinforced at take-off or emergency by a manual 
stored energy system. This is an adventure well worth while if only because 
there is no commercial prize in view. With the development of new materials, 
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Ficure 6. Man-powered aircraft project by 
T. R. F. Nonweiler, B.Sc., A.F.I.A.S., A.F.R.Ae.S. 


a similar possibility (but one which appears more difficult), may exist with the 
Ornithopter. 


SPACE TRAVEL 


Flying has until now been an alternative to surface transport; for space travel 
it is the only possibility. A rocket capable of carrying a man into space will 
certainly be developed, as will guidance systems to enable it to reach any desired 
destination. There are many hazards, some obvious, some as yet unknown and 
unsuspected. The problems of providing an environment in which the passenger 
can survive are so formidable as, in the foreseeable future, to rule out the rocket 
as a means of travelling from one part of the world to another; the relatively 
small reduction in transit time would be unlikely to justify the cost. But 
man is certain to want to travel into outer space for adventure and because, 
with his capacity for reasoning, he will be a better instrument of exploration 
than a machine. Provided with a hermetically sealed cabin he can survive. 
This cabin has to be maintained as close to terrestrial conditions as possible, 
so that with the long periods involved and the great tasks to be performed, there 
should be the minimum of deterioration from optimum human standards. 
Protection has to be given against acceleration, acoustic energy effects, weightless- 
ness, temperature, radiation, and meteorites, and in some way cramped space, 
boredom, etc. have to be minimized. Great as the problems are, it is possible 
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to foresee their solution; but immense resources and much expenditure of time 
and effort will be required. Stored oxygen could be used for journeys lasting 
from several days to months, with carbon dioxide removed chemically, e.g., 
with lithium oxide, or calcium oxide, or by photochemical decomposition 
by the use of ultraviolet radiation and a catalyst: for longer periods green algae 
might be employed. Weight might be saved if dehydrated food were used in 
conjunction with a recycling water purification system to embrace respiration, 
urination, washing, etc. To avoid poisoning, fecal waste could be sealed, including 
its small water content, which would be more than replaced by the bodies’ 
metabolism producing water as well as carbon dioxide. 


I should like to acknowledge my debt to many recent technical papers, to 
a few of which reference has been made in the text, and also the help I have 
received from many colleagues in the Aircraft Industry. 
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THE CHAIRMAN: I am very happy to see such a good audience for this paper. 
Canon Cooke is one of these comparatively rare birds (not so rare as they used to be), 
a man in Holy Orders who really understands the music of the Church from both 
sides of the chancel screen. 


The following paper, which was illustrated on the pianoforte, was then read. 
THE PAPER 


My subject this afternoon is the relevance between the differing styles of 
Church melody successively in use in Britain, and the eras appropriate to this 
succession, with especial reference to their historical and cultural backgrounds. 

We have a longish journey to make, which must be completed in a given time, 
so we must not allow ourselves to loiter by the way, no matter how attractive 
some by-lanes may appear. Church music in Britain began with the introduction 
into our land of the type of melody now known as Plainsong. The two Popes 
Ambrose and Gregory were enthusiastic musical antiquaries, and each contributed 
much to the conservation of the Church melodies in use in their day in Rome. 
Thus, both in the fourth century and again in the sixth, the traditional melodies 
of the time were preserved and in great measure systematized. It is, I think, 
safe to say that many of these melodies so preserved were already ancient, so 
that we are to-day probably in possession of some of the melodies sung by the 
Early Christians. These melodies or tones, as they are often called, are all in 
those scales which we know as the Greek Modes. We have no time now to study 
these Modes, fascinating though the subject is, and we can only say that they are 
represented on our modern keyboards by the succession of intervals lying 
respectively between the various octaves on the white notes. The Church was, 
as always, the guardian of the arts, and it was in the abbeys and priories of 
Britain that the people learned to be familiar with, and to love, these magnificent 
ancient modal melodies. 

It is a rather strange and wonderful thing that the innate conservatism of 
the Church led to such a continuity in artistic tradition as almost amounted to 
a stereotyping of style. This is to be found particularly in the Byzantine mosaics, 
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wherein traditional craftsmanship handed down even the smallest details of 
portraiture and ornament. Furthermore, in days when manuscripts were valuable 
and few, the care with which copyists carried out their tasks was meticulous 
and exact; so that the form in which these Plainsong tones has been handed 
down to us is presumably that which was in use in the very earliest days of the 
Church. 

Let us enter one of these vast abbeys and imagine ourselves to be a procession of 
monks as it passes along singing the Psalms. We notice that the Saxon herds are 
gathered in the shadows of the great nave, listening to and soaking in the beauty of 
the music, the while they remain pitifully ignorant of the verbal significance of 
what they hear. The abbey is darkish—great windows were an impossibility in 
our climate in the days before glass was freely used. The minorish flavour of 
most of these Modes seems to fit this mystic gloom, and the massive monotoning 
of the men’s voices somehow seems to match the equally massive sombreness 
of the Norman arches and pillars. The words they are singing, are, of course, in 
the Latin tongue; only a few tags would be caught by the people listening in the 
nave, later, perhaps, to be used in some lovely macaronic carol—that is, part 
English, part Latin—and it is good to knowthat several such carols have survived 
to our own day. Further, the words chanted by the monks were not only in this 
august ecclesiastic tongue, but their format was prose rather than poetry; the 
translation by St. Jerome of the Hebrew Psalms or Greek Canticles being that 
traditionally sung by the Catholic Church. The words, then, to which these 
melodies were set, were non-metrical, lacking the periodic accents or stresses 
associated with poetry. All is sung in unison, the tones mostly lying within a 
narrow compass of not more than an octave, so as to suit the average adult male 
voice. Such music would appear to be uniquely congruous to what has been 
called the Age of Faith, wherein the uniformity of Catholic belief and practice 
exemplified the immense and august authority of Holy Church. Those of to-day’s 
generation who have, for instance, heard the singing of the monks of Solesmes. 
(or indeed, records made by them) will know how indescribably solemn and 
magnificent is the sound of such music. For it reflects an uncritical acceptance 
of authority and of ordered uniformity in the routine of monastic life. 

Can you not in imagination hear and see the monks as, ruminant and con- 
templative, grave and cloistered in mind and heart, and darkly clad in their 
cowls and cassocks, eyes downcast and book in hand, they slowly move in 
slack-sandalled momentum to the long-phrased rhythms of the Latin prose, 
perambulating around their ambulatories? Of all kinds of music, Plainsong would 
seem to be the exactly right kind, sung in the exactly right kind of way, too, to 
match the life they lived: a life of unadventurous devotion, lived in unison, in 
which the low undulations of their mental horizons are mirrored in the music’s. 
disinclination to jump to any wide or awkward interval. The levelness and near- 
monotony of the melodies thus reflects their life of ordered leisure, in which each 
had his daily routine of office or duty, with all day of every day in front of him, 
to be lived out in the repetitive order and underlying drama of the Calendar 
Year. The music speaks to us of that communal security of tenure—of home, 
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food, study, worship—which was unquestionably theirs for life. There is a 
paradoxical commingling of asceticism and ease, of frugality and sufficiency, 
in these melodies, which seems justly appropriate to this era and culture. One is 
inevitably reminded of the words of the ancient Collect: ‘Whose service is perfect 
freedom’—that seemingly inconsistent but truly consistent definition of the 
twin bases of ordered liberty. Let me play to you one or two of these grand 
modal melodies. First of all, one from the Sarum Antiphonal: strictly speaking, 
the proper melody for the Christmas Hymn, ‘Christe, Redemptor omnium’, 
but now generally associated with a cento from ‘Jesu, dulcis memoria’. As with 
so many of these melodies, there is a beauty of form underlying the apparent 
formlessness. This is most easily described by the letters ABA, in which the 
section B is double the length of the A—not unlike an ancient altar tryptych, 
wherein the larger centre piece is flanked by two smaller panels—only in the 
musical examples of this form the side panels repeat themselves so that the 
whole is in the shape of statement, contrast, and restatement, together forming 
a balanced and satisfying variety in unity. 


Example 1: English Hymnal, 238. Mode 1. (Sarum Antiphonal.) 


Now let me play to you two melodies whose date of composition and first 
rendering, both of words and melody, has been attributed with a high degree of 
probability to a.D. 597. This was when Queen Radegund conveyed what 
she believed to be a piece of the True Cross in procession to her monastery at 
Poitiers, which she had founded and then ruled. An almost contemporary 
chronicler tells us that on this occasion the hymns ‘Pange, lingua’ and ‘Vexilla 
Regis’ were sung by her monks as, preceded by the royal banners, they praised 
the Christ Who, crucified, was ‘reigning from the Tree’. There are few finer 
examples of modal melody: very different these from the last example played. 
No longer are we hearing the intensely personal expression of the intimacies of 
adoring love sung within the tranquil spaces of some vast abbey, but rather the 
triumphant and challenging outdoor music of regal splendour—note the bright 
stridency of the first line, with its rise to the note we should to-day call the tonic, 
and the quite magnificent closing strains, rolling away into silence, like some 
line of great hills curving into invisibility with the curve of the earth. 


Examples 2 and 3: Hymns Ancient and Modern (1950), 96 and 97. (A.D. 569.) 


As my subject is popular Church music rather than art forms—melody 
rather than counterpoint—I must not try to deal at all adequately with the music 
of the great polyphonic period of English Church music—when England led 
all the world, not even excluding Italy, in the composition of contrapuntal 
choral music. But it would be the height of folly to ignore it, for, even from the 
popular point of view, the people must often have heard and loved the splendour 
of the anthems performed by the choirs of the cathedral and abbeys. So I now 
suggest to you the congruity between the polyphonic period and that final 
flowering of Gothic architecture which issued in the Decorated and Perpendicular 
styles. One can hardly fail to note the complete appositeness of the interlinear 
weavings of the vocal parts, with their echoing suspensions falling from some 
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high-held treble notes, with the aspiring lines of pillar, architrave and triforium, 
as they rise in exultant affirmation, and, almost like a rocket, seem to burst in 
radial scintillation high up in the dim splendour of vault and fan tracery, only 
to fall to earth again in cascadent flutings. This development from the sombre 
solemnity of Plainsong, sung by men’s voices, to the complex interlacing—as of 
some vast east window filled with Jesse tracery—of the music of Byrd, Gibbons 
or Tallis, had one inevitable result: that in the writing of such music signs 
of definite duration had to be used, and this in turn led to the utilization of 
a regular pulse by which to synchronize the various parts. Not yet were there 
what we can call time-signatures or bars, but these soon followed as of necessity. 
Nor was there harmony in the vertical sense of chords sounded by the voices 
simultaneously, but rhythm there most certainly was, mostly individual to each 
separate part, yet also combining to form an overall shapeliness of rise and fall, 
of stimulus and relief. Here in this music, as sung by trained specialists at their 
job, we have the very summit and peak of choral composition, composed by 
artists for artists. For a time then, we have the concurrent use of Plainsong 
with the glory of polyphony—the communal together with the professional. 
But the former was passing into desuetude as the forces of the Reformation 
gradually advanced and conquered. We have now to consider this tremendous 
change from Plainsong and polyphony to harmony and monody, from the 
Gregorian Tones to the great Chorales. 

The change was due not only to certain purely musical reasons, cogent though 
they were, such as the rise in popularity of keyboard instruments and of those 
plucked with the fingers or with a plectron, lutes in particular, which led to 
a harmonic style—a revolution in which Italy led the world towards a monodic 
manner: melody with accompanying chords. There was also a change in archi- 
tectural style pioneered by the Italians, who were perhaps a century ahead of 
the northern nations in this respect. But in the south of Europe as well as in the 
north—whatever the latter’s lag in time—the change was brought about by the 
cultural and spiritual characteristics of this changing era. I need hardly emphasize 
the immense import of the Renaissance and its New Learning or of the invention 
of printing, or the rise of a virile nationalism and the new-found adventurousness 
attendant upon the development of maritime navigation and the wealth to be 
gained thereby. What we are to-day especially concerned with are rather those 
forces which found expression in a new kind of music heard for the first time in 
our churches. The Reformation did not, of course, begin with Henry VIII. It had 
been germinating over a very long period of time, having results not only in a 
new-found independence of thought but in many important statutes passed by 
Parliament. The motive force was the translation of the Scriptures into the verna- 
cular, leaving the ordinary worshipper no longer mystified by esoteric ceremonies 
enacted behind a screen dividing the priest from the people, but rather braced 
by a new-found understanding of the ethics and theology of the Bible, resulting 
in a tremendously warm-hearted emotion experienced alike by herd and house- 
wife, artisan and apprentice. Gone, too, was the masculine monopoly in sacrea 
music, and with mixed voices in a new congregationalism of hymnody came the 
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aids both to memory and facile rendering to be found in metre and part singing. 
Worshippers were no longer onlookers only at a dramatic mystery; they were 
participators in a crusade of evangelism. Furthermore, this personal under- 
standing of the Bible’s message led inevitably to an immediacy of approach to 
Almighty God which emphasized individualism rather than authority, liberty 
rather than order. The Reformers still distrusted anything that was not strictly 
Biblical, and so only such strophes as were formed by translating the Psalms and 
Canticles were used in worship. In 1562 the first edition of what we know as the 
Old Version—that is, that by Sternhold and Hopkins with tunes—was issued 
and soon became very popular. Queen Elizabeth allowed the singing of such 
metrical Psalms in worship in her Injunction of 1559, which stated that ‘in the be- 
ginning or the end of Common Prayer there may be sung an hymn or such-like 
song to the praise of Almighty God in the best sort of melody or music that may 
be understood and perceived’. Bishop Jewel in the sixteenth century tells us 
that these Psalms of the Old Version became so popular that he had seen as 
many as six thousand persons assembled round Paul’s Cross to sing the Psalms 
in metre. As many of these singers would be illiterate, the help to memory in 
the metrical strophes would be immense. This faculty of memorizing Scripture 
is not so often to be found to-day; but it is on record that the leader of the 
choir at Twineham in Sussex in the middle of the last century could sing the 
whole of the Psalms, and many anthems beside, from memory. The music to 
which these Psalms were sung was slow in tempo, vertical in harmony rather than 
horizontal in counterpoint, democratic rather than ecclesiastic. This communal 
manner necessitated note-against-syllable settings, pauses for breath taking, and 
periodic stresses for synchronization. The unadventurousness of the earlier 
movement-by-step was often exchanged for both leaps. Indeed, there was at times 
an angularity about these Psalm tunes which amounted—especially in the far 
north where the influence of John Knox had been so deep and widespread—to an 
ungainliness whose protesting anti-Gregorianism is really rather a historical 
curiosity. Let us hear one or two of these sturdy tokens of Scotland’s independence 
of Rome. 


Examples 4, 5 and 6: Songs of Praise, 503, 597 and 628. (A.D. 1671, 1615, 1615.) 


But most of these great Chorales—as the Germans called them, though many 
of the most deservedly popular ones came from France, including that which 
we now know as the Old Hundredth—were composed on continental models 
even when by Britishers. Carlyle said of ‘Ein feste Burg’ that it was ‘like the sound 
of Alpine avalanches or the first murmuring of earthquakes’; and there is indeed 
more than a suggestion in their giant contours of some vast mountainous range 
seen from a distance—no longer, as in Plainsong, the outlines of the smooth 
undulating hills about Rome, but rather those reminiscent of the Alps. When 
one contemplates these tunes on paper, one is struck with their cragginess, 
which is at times as though forked lightning had suddenly been retarded into 
slow motion. One is reminded of a curbed and bridled stallion reined in to a slow 
step. The line of Francis Thompson comes to mind, for the mighty momentum 
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of these tunes is fraught with ‘deliberate speed, majestic instancy’, and the 
sense of controlled power was never better expressed in art. They are in the 
same category as Stonehenge, Memphis and Karnak, seemingly primitive, 
certainly colossal, the product of immense authority, certitude and strength. 
This strength is found supremely in the courage of the Marian martyrs. Let 


these tunes be sung then, in a manner befitting the gathered majesty with which 
martyrdom has invested them. 


Examples 7 and 8: A.M. (1950), 55 and 183. (Sixteenth century.) 


We must never forget our debt to the parish clerks of our churches; for to 
them was entrusted the privilege of leading off the hymns, involving the pitching 
of the note, either with the help of a pitch pipe or, more precariously, without, 
with some surprising results. (Never shall I forget once in Buckinghamshire 
hearing the Veni Creator launched on the tune to ‘O God our Help’, and how 
we found ourselves brought up at a full stop at the word ‘Celest’ and how the 
‘-tual fire’ had to be helped out with improvised extra notes [the result was sung]. 
How we got through I don’t know.) There is a delightful entry in the parish 
records of my own present church of Buxted in Sussex, under the date 1666, 
which reads: ‘The old Clerk of this Parish, who had continued in the office of 
Clerke and Sexton for the space of 43 years, was buried . . . whose melody 
warbled forth as if he had been thumped on the back with a stone.’ 

And so we come to the Restoration period and the eighteenth century. It is 
not surprising that we find here an almost inevitable over-reaction both to 
Puritanism and to those religious enthusiasms that kindled the bitterness, 
bewilderment and endless controversies of the seventeenth century. For there 
is no doubt but that the less committed among the ordinary citizens were 
desperately puzzled and irritated by the fanaticisms by which they were besieged 
and many a middle-way, peace-loving person turned with relief to the Monarchy 
as representing that centrality which was yet remembered so sweetly from the 
early part of the reign of the King’s father. For those, however, who followed the 
Court in its fashions and favours, the Church music preferred exhibited a new 
spirit of near frivolity, and things trivial and superficial were often admired 
beyond those that were sober and sincere. Let me play you one example of such 
hymn tune fashions: 


Example g: Tune: ‘Langdon’, by T. Firth. 


Can you not see in this—which, mind you, could be multiplied by many other 
examples—something of that unstructural ornateness of decoration which issued 
in the styles of architecture and art which we call roughly by the names of 
Baroque and Rococo—a dressiness which ill becomes a religious theme? They 
even beribboned the great Chorales—much as we used to see great cart horses 
festooned with bows and rosettes. There is something almost revoltingly shabby 
about such perkiness dancing about the Chorales—listen to the Old Hundredth 
in its gaudy finery, though even this sorry clutter of passing notes cannot spoil 
the native grandeur of the tune. But the real interest of what I am now going to 
play to you lies not only in the comparatively few ‘elegant’ ornaments added, 


139 





JOURNAL OF THE ROYAL SOCIETY OF ARTS JANUARY 1959 


but in the complacent introduction of an Interlude interposed between the verses. 
The book from which this example is taken is delightfully called Psalmody 
Improved. The composer, one William Gresham of Dunstable, says in his 
Preface: ‘The Interludes here introduced are very short, that they may not seem 
impertinent.’ (That may well be a matter of opinion.) He goes on: ‘They give 
2 respite to the Voices, between the Verses, without interrupting the Sense, 
which must be the intention of Interludes.’ He also says: ‘As I have before 
observed, this work is intended to promote general singing in Public Worship, 
so that everything that tends in any degree to obstruct its general reception 
should be removed’—but he leaves the Interludes in. But you shall judge for 
yourselves: 


Example 10: Psalm rooth. Gresham’s Psalmody Improved. (A.D. 1780.) 


Is there not something paltry in such so-called music in a church? The drab 
gaiety and general air of coquetry and swagger go ill with the beauty of our 
churches, and contrast all the more forcibly with the sober solidity of the 
Chorales. 

But much the same thing was happening to literature. Let us take a verse from 
the Prayer Book Psalter. ‘He shall be like a tree planted by the water-side: that 
will bring forth his fruit in due season.’ 

Simple and direct, and wasting no words. Let us now turn to the rendering 
of this verse in what is known as the Old Version—that of Sternhold and Hopkins: 


He shall be like a Tree that is 
planted the rivers nigh; 

Which in due Season bringeth forth 
its fruit abundantly. 


Admirable still, lucid and shapely. 

Now turn to the version of Mr. James Merrick, furbished up with all the 
eighteenth-century finery of what was at the time felt to be ‘poetic’ language— 
so rightly stigmatized by Housman in his Leslie Stephen lecture: 


Like the tree, that, taught to grow 
Where the streams irriguous flow, 
Oft as the revolving Sun 

Through the destined months has run, 
Regular, its Seasons knows, 
Bending low its loaded boughs, 

He his verdant branch shall spread, 
Nor his sick’ning leaves shall shed; 
He, whate’er his thoughts devise, 
Joyful. to the work applies, 

Sure to find the wish’d success 
Crown his hope, his labour bless. 


Whether or not you can still discern the original tree beneath the ‘sickening 
leaves’, I leave you to guess. 

We must not forget, however, that some professors of Christianity at this time 
described their faith as a ‘Gentleman’s Religion’—the title of a delightful book 
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by an author by the name of Synge—and this fastidiousness may account for 
what may have been regarded as aristocratic embellishments. 

But we should be doing a grave injustice to the eighteenth century if we thought 
of it as mainly frivolous and superficial. It may well be that the Vicar of Wakefield 
was more truly representative of the country clergy of the period than was, for 
instance, the sort of incumbent sought for by that worthy Patron, Sir Roger de 
Coverly, who ‘desired a friend of his at the University to find him out a clergyman, 
rather of plain sense than of much Learning, of a good aspect, of a sociable 
Temper and, if possible, a Man that understood a little of Back Gammon’. 
Nothing objectionably spiritual in that, and no doubt congenial to Sir Roger, 
who suffered ‘no one to sleep’ during Divine Worship ‘besides himself’. Indeed, 
much of the music of the time reflected, rather like a convex mirror, an elegant 
interior—slightly distorted perhaps, but of a detailed clarity of definition, not 
unlike some of the novels that were then captivating polite society. Refinement 
was a first desideratum, and enthusiasm and intensity of conviction were frowned 
upon as being, shall we say, bourgeois and plebeian. But the great bulk of the 
clergy and of their people—and, we may safely say, of the hymn tunes of the 
period—were sober in spirit and expressed a conviction none the less real for 
being less demonstrative or pugnacious than was formerly the case. Leaving the 
Court circles to their intrigues and pigtailed politeness, let us go out in the 
countryside, among the moors and fells, in weald and combe and clearing, 
and hear the bells of ancient churches ringing to call people to enjoy the sweet 
reasonableness of the Prayer Book, or follow the Gathered Folk to the little 
Meeting House in the village—and at both services the new-found graciousness 
in hymn melody is welcomed with relief. There is a fresh beauty, an easy fluency, 
about these melodies, as of quiet rivers flowing through gracious meadows. 
No longer gentility—much less gentele-ness—but rather gentleness: the gentleness 
of a tranquil piety: is here revealed. No longer is one carried along by the mighty 
tides of Rhone and Rhine, but rather on the peaceful streams of England, by 
Severn and Ouse and Thames, and one is reminded of Rupert Brooke’s lovely 
words about England: ‘In Avons of the heart her rivers run’. 

Great and massive tunes there were still; though even in these there was 
an easing of tension, a grace of grandeur that was more flowing than foursquare, 
whose courage, stemming from a conviction equal with that of the two previous 
centuries, was less beset by the challenges of opposition and fear. First, then, 
a couple of these greater tunes, in which we can still hear the mighty pulse of the 
Chorales, as of some giant pendulum slowly swinging to the long-spanned rhythm. 
I will play first the original form of these tunes, and then the revised; and you 
will notice how in these slightly later versions the passing-notes no longer 
serve, as in the Rococo tunes, merely to decorate, but rather to smooth over the 
intervals as the melody rolls majestically from stress to stress. Here is no divorce 
between structure and decoration, for both are one in unity of grace and strength: 
as in the best types of Palladian architecture, or in the finest wrought iron work, 
wherein structural strength is itself gracious. ‘hese are for me the very summit 
of all hymnody—dquite breathtakingly magnificent. 
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Here are the two earlier versions: 


Examples 11 and 12: S.P., 172 (A.D. 1708); and Wesley’s Select Hymns 
(A.D. 1765), S.P. Discussed, p. 43. 


And now the later, which I submit are even finer: 
Examples 114 and 12a: S.P., 145 and 65. (A.D. 1741 and 1769.) 


Do you not agree that here epic and lyric are united—or, in the words of 
the Psalmist, ‘Mercy and truth are met together; righteousness and peace have 
kissed each other’? 

And so we come to the more typically eighteenth-century melodies, reminding 
us of the lovely furniture that graced the salons of the mansions hard by many 
of the churches. These reveal a style no longer based on the straight and rect- 
angular, but rather curvilinear in line. The legs of the chairs are cabriole-shaped, 
and the splats are gracious with carving; but the wood is hard and the designs 
are made for hard wear. Here are a few of these melodies—supple, fluent and 
replete with a gentle piety. 


Examples 13 and 14: A.M. (1950), 374 (A.D. 1769) and 254 (A.D. 1780). 


And of course there is the ever-loved ‘When I survey’; and I trust you 
will notice the extra note put in by almost every choirboy to the exasperation 
of the organists using the standard edition of Hymns Ancient and Modern [the 
last line was played here|; but when I acquired a first edition of the tune, lo! 
the extra note was there! (Which reminds me, if I may be allowed a very short 
digression, of the famous C minor Prelude of Chopin, and the trap so many 
pianists fall into of playing E flat in place of E natural at the end of bar 3 [the 
bar was played|—again, what a pother has been raised by exasperated teachers 
at this failure to realize that an accidental governs the whole bar! And yet, 
once again, the ears even of the average errant student were more sensitive to 
tonal values than were those of mere meticulous correctitude—for Chopin 
himself pencilled in the flat in his copy of the first edition, as it had been left 
out through an error!) 

We have now arrived at the Victorian era—much maligned and despised 
musically, personified not only by the Widow of Windsor, but also by the 
illustrious names of John Bacchus Dykes, Dr. Monk, Caleb Simper, and his 
fellow sentimentalist, Maunder, and, of course, John Stainer. We must be 
careful here not to be tempted to undue facetiousness at the expense of these 
and other famous names, for is not John Betjeman leading the way to a 
renewed appreciation of Victorian art? Perhaps, like many of the girls of to-day, 
the Victoriana are ‘not so bad as they’re painted, but they’re painted pretty 
badly’ . . . We must also remember that if then sentimentalism was often 
mistaken for sentiment, to-day sentiment is only too often mistaken for senti- 
mentalism, and drama for melodrama, and we are sometimes served up with 
a criterion of art which equates dullness with esoteric genius and an arid scepti- 
cism with truth. I am reminded of what Dean Inge once said: ‘Intelligentsia 
bears about the same relation to intelligence as gent does to gentleman.’ With 
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these provisos, then, we consider the hymn tunes of the time. Notwithstanding 
the immense power and stature of the great Victorians—and a study of their 
physiognomy alone is evidential of these qualities—we must admit that it was 
essentially a time of middle-class comfort, of sweet amiability tinged with a senti- 
mental melancholy, of feather beds, looped vallances and twinkling lustres. In 
music, there was a persistent preference for the third of the scale—as of soft 
centres in sweets—which may be symptomatic of a general dislike of draughts and 
a love of padded leather bindings. I recently went through the new 1950 edition of 
Hymns Ancient and Modern, and discovered go tunes of this era which began on 
the third of the scale! There was also, of course, only too often a cloying chroma- 
ticism and a sloppiness of harmonic progression—not to mention a poverty of 
counterpoint—in many of the favourite tunes of the time. And it is only too true 
that—as I have myself found—the music chests of the churches were stuffed 
tight with the effusions of Caleb Simper and Maunder. (It is interesting to note, 
by the way, that the former, perhaps realizing that his name somehow matched 
what might be just a suspicion of a reputation for sugariness, decided later in 
life to change it. His choice is interesting, for it was Edwin A. Clare—and 
the éclair part was just as succulent. . . .) But not all composers simpered 
or maundered on their musical way, and even of the work of those who some- 
times undoubtedly did, it is my opinion that some tunes have been unjustly 
stigmatized—for instance, that to ‘Peace, perfect Peace’, as well as that to 
“The day Thou gavest’. [Opening lines of each played.| The former is criticized 
for its melodically level first line, and the second for its ‘hurdy-gurdy rhythm’. 
But let us be fair and think of the words. The first expresses the tranquillity of 
a heart at peace with God. Is not the level line right for that? And if such flat 
horizons are to be condemned, what then of this? 


Example 15: The theme of the slow movement of Beethoven’s Appassionata 
Sonata. 


Then there is the one hymn that everybody agrees is notoriously bad—the 
melody, if it can be called by that name, does not move at all in the first two 
lines. It is by Dr. Dykes, and is called St. Andrew of Crete. [The first two 
lines were played.| But even here one dare not be too hasty in condemnation, for, 
once again, we have only to go to Beethoven to find an amazingly similar piece 
of music—listen to this. [The opening of the slow movement from the Seventh 
Symphony was played.| Well, there we are! Or are we? Don’t ask me. I’m not 
condemning—or praising—either! 

There is this also: 

Example 16: The melodic line of Liszt’s Liebestraum. 


And as for the other tune, was it not set to words which strive to express 
the motion of earth which, revolving, ‘rolls onward into light’ so that ‘the sun 
that bids us rest is waking our brethren neath the western sky’? Therefore 
the rolling, triple-metre tune seems to me exactly right for this thought. And, 
if triple time is to be excluded and rolling rhythms condemned, what then of this? 


Example 17: A few bars of Bach’s Sanctus from the B Minor Mass. 
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Enough of last ditch defence of Victoriana; let us now have appreciation. Listen 
to this: 


Example 18: Parry’s ‘Dear Lord and Father’. 

Is not that great sequential rise and fall perfectly proportioned? 

The Oxford Movement brought back the Gregorian Tones into our worship. 
This must in turn be seen against the background of that revival of all things 
medieval, one part of which was the Pre-Rzphaelite Movement, and another the 
so-called Gothic Revival in church architecture, not to speak of synthetic garden 
ruins, led, beforehand, by Ossianic and Chattertonian hoaxes, etc. The ritual, 
vestments, colour and ornaments, together with the monastic ideals, of the Middle 
Ages, were rediscovered, revived and deeply treasured; and we cannot be too 
thankful that Plainsong was a concomitant of this great and truly revivalist 
movement. But a revival is not a survival, no matter how lovingly or skilfully 
undertaken, and not even Stainer’s luscious padded and quilted harmonies could 
make Plainsong really comfortable in its Victorian setting. 

Another revival was even more potent for the composition of Church music. 
I refer to the recovery, just before it was too late, of our national heritage of Folk 
Song which was all-important for hymnody. For the Folk Songs and Carols were 
almost exclusively sung in the ancient Modes—an amazing phenomenon, since it 
proves the tremendous tenacity of folk-memories. The people heard these Modes 
sung in the abbeys and cathedrals and parish churches of the land in the Middle 
Ages. They modified them to suit secular words or for dancing to on village greens 
and in tithe barns. The whole tide of art-music’s progress passed them over. The 
establishment of the diatonic scales failed to touch them. They went on singing 
these age-old tunes, handing them down from father to son in a tradition of 
beauty second to none in all the world. And then Cecil Sharp, Lucy Broadwood, 
Herbert Hughes, Vaughan Williams and others rescued them just—and only 
just—before the coming of the gramophone and wireless would have standardized 
diatonicism everywhere to the extinction altogether of the old melodies and 
Modes. But it was not too late, and that is the vital point; so that composers heard 
once again these lovely Modal effects, both in the Plainsong of the Anglo-Catholic 
churches and in the revival of Folk Song. And the result was an incalculable 
influence for good upon our English hymnody. Strength returned; grandeur, 
majesty and mystery took the place of mere cosiness and comfort. The hymn 
tune had got out of the fug of over-heated drawing-rooms, out on to the 
Dartmoors and Egdon Heaths of music, and greatness had come back to church 
melody. Listen to this and see whether you cannot hear rolling echoes of monastic 
processions as well as the tread of mighty Chorales in this glorious tune. 


Example 19: S.P., 126. Vaughan Williams, ‘Into the woods my Master went’. 


Pathos there is in poignant abundance, as befits a hymn about the Agony in the 
Garden; but it is a pathos guarded by a tonic austerity, informed with cosmic 
significance, and auraed by a halo of the numinous. There is also this other 
suave and noble tune of the same composer—the well-known Down Ampney. 


Example 20: S.P., 177. 
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And what could be more beautiful than this lovely tune of John Ireland? I hope 
you will notice its Mixo-Lydian touch in the flattened seventh in the middle 


Example 21: S.P., 127. 


These last two tunes have all the sweetness and compassion associated with 
the Victorian era at its best, but with a cleaner line and one less regimented to 
symmetry of rhythm or consonance of harmony. 

Finally, may I enter a plea for dissociating doctrine from aesthetic? The sort 
of person who will never use a Gregorian for fear of being thereby a day’s march 
nearer Rome, and the kind of person who will never use anything else—and 
both doing it for doctrinal reasons—are doing disservice both to the art of music 
and to the cause of religion; for God sent us beauty to enjoy, from whichever 
source it come. Equally I regret the linking of choruses to Missions, with the 
consequent prostitution of all the criteria of art in the cause of a cheap familiarity. 
And let us keep away from both the cosy and the hearty in our hymns. Never 
shall I forget being at one hearty conference, and being quite nauseated by 
seeing large corn-fed maidens slapping Bishops on the back and calling them 
Jumbo or Pop. Muscular Christianity is a revolting phenomenon and some 
hymns, such as ‘Pioneers, O Pioneers!’ make me want to hide away deep in the 
centre of Dartmoor far out of reach of enthusiastic evangelists. 

And now I must close; and with what better than the delightful comment of 
that excellent civil servant and musician, Samuel Pepys: 


So to church again, and heard a simple fellow upon the praise of Church 
musique; but I slept part of the sermon, till latter prayer and blessing and all 
was done, without waking; which I never did in all my life. 


DISCUSSION 


THE CHAIRMAN: We have had a speedy journey through many centuries, and 
though, of course, it was quite impossible for Canon Cooke to discuss any particular 
period in depth, I am quite sure members of the audience will wish to ask him 
questions. I, personally, prefer not to be in the Chair when a discussion on hymns 
is taking place. I prefer to be down in the middle of the discussion, in the middle of 
the fight, because there is so much that is controversial. If I may speak of myself 
for one moment: for twenty-three years, Englishman that I am, I had charge of the 
music at St. Giles Cathedral in Edinburgh, where I introduced much music which 
was not normally performed there. I also took that delightful man, Sir Richard 
Terry—‘Papist’, as he described himself—to speak to the Church Assembly on 
Plainsong. Which reminds me that when I asked one of my students the other day 
why he did not attend the Plainsong class, he replied, ‘I am a Presbyterian, I do not 
approve of Roman Catholic music’. I said, “You are here to be trained as a musician, 


and a knowledge of Plainsong is basic in your education. You must join the Plainsong 
class.’ 


DR. REGINALD HUNT, F.R.C.O. (Principal, London College of Music): First of all, 
I must say how much I appreciated the same and balanced content of the lecture. 
Each era was treated fairly, especially that of the poor Victorians; I am so glad Canon 
Cooke has done justice to them. A most absorbing lecture on a most fascinating 
subject, and I congratulate the lecturer. 

I have one question. How does Canon Cooke explain the fact that in ‘High’ 
churches where Gregorian music is sung, they often have also the most puerile 
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hymn tunes? There is, for instance, a tune called ‘Daily, daily’, which I think was 
very popular years ago. 


THE LECTURER: I am quite unable to explain or defend the musical aberrations of 
some of our friends in a particular ‘High’ church or any particular school of thought; 
they may be quite incongruous. But I should like to reiterate my plea against the 
association of aesthetic with doctrine. The sort of person who says you must not have 
any candles on the altar is to me just as much of a ritualist as the person who says 
you must have six; and the sort of person who says you must only have Gregorian 
music is just as hopeless as the person who says you must not have any. They are 
both being as ‘sticky’ as they can be. Take beauty from wherever it may come without 
respect of its source—that is my philosophy of music. So I do not like either the 
exclusion, or the exclusive use, of Plainsong, and I should still less like the mixing up 
of Plainsong with the triviality that you have just been mentioning. 


BRIGADIER J. L. P. MACNAIR: Last Sunday we had in our local church an interesting 
and effective recital of music given largely from gramophone records. It started with 
some music of the early Russian Orthodox Church, Plainsong. That was very 
interesting to me because it did not sound like Plainsong, mainly because it had been 
harmonized, and I came here to-day expecting to be able to compare the Plainsong 
of the early English Church with that Russian music. I had a suspicion that I should 
find the Russian music more attractive. It wasn’t. But Canon Cooke, playing these 
lovely examples of English Plainsong, harmonized them on modern lines, and I think 
I am right in saying that the early monks, if they harmonized them at all, would 
have done so in steady fitths or something of the sort. Is that not so? This Plainsong 
was so effective as Canon Cooke played it, yet I have a feeling that if we heard it 
to-day as the original monks sang it, it would, to our ears, be rather sombre. 

I am very glad that Canon Cooke upheld Mr. Dykes as a hymn writer. I think he 
1s tremendously important, not so much perhaps for a sophisticated older man and 
obviously not so much to people like Dr. Vaughan Williams; but for the young. 
When I was very young there were two things which attracted me to music, which 
has given me the greatest pleasure all my life. One was the local town band playing 
“The British Grenadiers’, and the other was the hymn-tunes of J. B. Dykes. I always 
looked out for them in the hymn book, and tunes like “he day Thou gavest’ seemed 
to me to be just exactly right. One of the great bones I would have picked with 
Dr. Vaughan Williams was his breaking away from some of our traditions when he 
edited The English Hymnal. He wrote scathing words in the preface about some of 
these tunes and did not allow ‘Peace, perfect Peace’ to appear at all. Yet when I was 
young I thought ‘Peace, perfect Peace’ was a lovely tune. I think the modern successor 
to Dykes was perhaps Walford Davies, whom Canon Cooke did not mention. 


THE CHAIRMAN: The question of harmonizing Plainsong has been debated for many 
a long day, but we’ve never arrived at an agreed decision! 


THE LECTURER: There is now I think a very strong suspicion that what we formerly 
thought of as exclusively unaccompanied unison singing was in fact more often 
accompanied than not. The very early harmony stemmed largely from the kind of 
music we see in Huebald’s Organum, wherein fourths and fifths were, as Brigadier 
Macnair says, very frequently used. Mind you, there’s a cleanness and an astringency, 
a tonic quality, in fourths and fifths. Nowadays composers are rediscovering the 
beauty of fourths and these more consonant intervals, and I will play you a modern 
example of a hymn tune—a setting to ‘Sweet day, how cool, how calm and how bright, 
the bridal of the earth and sky’, the lovely verses by George Herbert. [The lecturer 
played this tune.) You may think this frightful, but to me this music is spare and slender 
and clear, and early morning and blue—and all those things! I like the sound of 
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that, it has a clean sort of freshness about it; and it may be that the people in those 
far-off days largely harmonized in fourths and fifths because they each sang in the 
compass proper to their own particular sort of voice. I am not at all sure that the 
fugue didn’t start that way: but no doubt in this moving about in fourths and fifths, 
each voice was largely singing in its own compass. That is very different from the 
obsession with thirds which I think was built up largely as a legacy from 
Mendelssohnic music; but now the latter is moving out and you are getting chords 
and melodies made up of fourths and fifths which have a certain power and strength 
about them. 


THE REVEREND C. E. POCKNEE: I am Chairman and Precentor of the Gregorian 
Association, and therefore I have a vested interest in Plainsong. I should like to join 
issue with Canon Cooke when he speaks of the massiveness of Plainsong or Gregorian 
chant. Not only do I sing Plainsong in my own church, but also I am partly responsible 
for a very big service held in St. Paul’s Cathedral every year with a Plainsong liturgy. 
One of the things we try to combat is the idea of massiveness and heaviness in its 
performance. I rather question the assumption that Plainsong is associated with the 
monks of the Middle Ages or that it originated with them. I think most of 
the celebrated Plainsong chants were composed in the period of the early Church; 
and that they stem from the liturgies of the Synagogue and Temple. The classical 
melodies, such as that belonging to the Vexilla Regis, bad been composed before the 
Middle Ages, and the classical period of Plainchant was over before the ninth and 
tenth centuries. All the elaborate Jubilates and things of that nature we do know 
come to us from the chants of the Temple and the Synagogue in Jerusalem. They 
are therefore very much earlier than the medieval period. But what I do want to 
question is this idea that Plainsong is something massive and ponderous and heavy. 


THE LECTURER: I did, I think, make it quite clear at the beginning that the collection 
of Plainsong tones handed down by the monks was made very largely by those two 
Popes, and I even stressed the fact that they had collected the music of the early 
Church, thereby, I thought, making it plain that in my view the Plainsong melodies 
did indeed stem not from the Middle Ages but from the early Church. 

About the massiveness: the massiveness is not necessarily in the heaviness of 
performance, but in the impressiveness and the solemnity of the outline. Even if the 
outline of any great range of mountains be only sketched instead of painted, it will 
still, to the imaginative mind, have the quality of innate and inherent majesty. That 
is what I was referring to. 


MR. REGINALD RENNOLDSON, F.T.C.L., A.R.C.M.: Is it true there has been some sort 
of rift with the Solesmes community on the interpretation of Plainsong? 


THE LECTURER: I dont know much about this recent development, but the 
Chairman does, perhaps? 


THE CHAIRMAN: Quite recently there has been a break away from the tradition; 
a new school of thought about interpretation has emerged. 


MR. REGINALD RENNOLDSON: In a recent broadcast a well-known organist and choir- 
master advised his listeners to take hymns ‘as quickly as you can and as slowly as 
you must’, As the tempo of congregational hymn-singing is often a problem, what 
views has Canon Cooke on this point? 


THE LECTURER: I would support Dr. Vaughan Williams, who said that nearly all 
hymns are sung too fast. I feel it should be the other way round with the older ones— 
to sing them as slowly as you can without altering the grandeur of the main pulse. 
Of course, very often that result can be brought about by thinking two minims to 
a bar instead of four crotchets. 
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I shall never forget, when I was working at St. Paul’s Cathedral, the tremendous 
impressiveness of the line in the Easter Hymn—‘Now above the sky He’s King’— 
as sung there on Easter Day, with the majestic rise to that high note, long held, and 
the vast expectant pause that followed, and then the sudden bursting of release in 
the terrific Hallelujah. I suddenly realized that ‘this is the tribute of the City of 
London, the central city, as it were, of the whole earth, to the King of Kings!’ Had 
that been sung in a cheerio, perky, tripping manner, the whole effect would have 
been destroyed. 

I think that important thing is to keep these older tunes moving to a grand slow 
pulse. I shall never forget, either, Dr. Geoffrey Shaw once conducting about 4,000 
children at Northampton, and saying to them: ‘Now, I’m not going to count “One, 
two, three, four” to a fast beat, but rather “One ...two... three... 
four . . .” at half the speed, gathering in two beats to every one of my conducting 
beats, so that you can feel the bigness of the swinging rhythm.’ 

Now, that to me, is important. You see, the negro spirituals are roughly divided 
between the body-swinging rhythms, and the foot-tapping ones. Notice in “Deep 
River’ how the body-swinging rhythm slowly emerges into the foot-tapping kind. 
[Here the Lecturer played the tune.] These two forms of rhythm go all through music. 
But I think that hymns, by their very nature, belong mostly to the body-swinging 
kind, but of course there are occasions when you do best to take in faster measures 
within larger sweeps of the pulse, so covering the quicker sub-division—as in ‘At the 
Name of Jesus’. [This was played.] 

THE CHAIRMAN: I fear it is time to conclude this discussion. I am interested to hear 
the lecturer speak of the particular thrill which he had in ‘Now above the sky He’s 
King’. When I accompany it, I wanted to add a fanfare of trumpets at the top! 

On your behalf I wish to thank Canon Cooke for this most delightful paper and to 
convey to him our grateful thanks for the immense trouble he has taken with his 
illustrations. He has given us much to think about, and much to disagree with! We 
thank him and admire his courage in tackling this difficult subject of hymnology and 
its use. 


The vote of thanks to the Lecturer was carried with acclamation, and the meeting then 
ended. 


GENERAL NOTES 
COMPETITION FOR ARCHITECTS 


In an attempt to improve the prevailing standards of speculative building in this 
country, the Ideal Home magazine, in association with the Royal Institute of British 
Architects, is sponsoring a competition for the design of small houses. The maximum 
floor area allowed is 1,100 sq. ft., and the maximum price, £4,500. Within these 
limits, the competition assessors will select from the entries submitted thirty designs, 
covering a variety of categories, sizes and prices. In place of the premiums usually 
awarded to the authors of winning designs in such competitions, the thirty successful 
competitors will each receive a fee, comprising a cash payment of £75, plus a royalty 
of £10 for each set of prints of working drawings sold. 

Full details should be obtained from the Ideal Home Architectural Competition, 
96 Long Acre, London, W.C.2. The closing date is 30th January, 1959. 


CONTROLLED NUCLEAR FUSION—EXHIBITION OF BRITISH ACHIEVEMENTS 


In January, 1958, it was officially announced that in laboratory experiments in 
England and the U.S.A. temperatures of several million degrees Celsius had been 
obtained in electrical discharges through heavy hydrogen gas, and that neutrons 
resulting from nuclear fusion had been detected. Similar results were obtained in 
the U.S.S.R. a year or two earlier. 
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A small exhibition illustrating some of the British research in this field is on view 
at the Science Museum in South Kensington until the end of March, 1959. The 
centrepiece is a }-scale model of zera, the Harwell fusion apparatus. A $-scale model 
shows the smaller apparatus known as SCEPTRE 11, developed by Associated Electrical 
Industries Ltd., which gives results closely comparable with those of zeta. Examples 
of pioneer apparatus used in this type of research may also be seen. 


EXHIBITION OF TOYS AND TABLE GAMES 


An entertaining and well-timed exhibition of toys and games, made to divert 
and instruct children of the eighteenth and nineteenth centuries, is being shown at 
the Victoria and Albert Museum. The great majority of the exhibits come from the 
collection acquired four years ago from Mr. Raymond Barrett, who, in the years 
1930-4, spent much time seeking these evocative relics in English country towns. 
One of his most interesting discoveries took place in a small haberdasher’s shop in 
Tewkesbury which had begun life, about 1830, as a ‘Fancy Repository’ and still 
harboured part of its early stock, including a beautifully made clock-work loco- 
motive, complete with tender and passenger coach, and some frivolous somersaulting 
dolls. These are on view at the museum together with a rare early motion picture 
toy, the ‘Anorthoscope’, from the same source. 

Most of the games displayed were designed to improve the minds of the players: 
some of them, such as “The Infant’s Cabinet of Fishes’, are timeless in their appeal ; 
others, like the ‘New Game of Emulation’, inculcate moral precepts, but might 
nevertheless still amuse. More questionable by modern standards is ‘Every Man 
to his Station’, a game which could have left no child in doubt as to the fitness of 
the prevailing social order and the nicety of its gradations. These are reflected with 
more humour in Sir John Tenniel’s designs for that old favourite, ‘Happy Families’— 
and the museum will surely see many such before the exhibition closes on 5th March. 


OBITUARY 


We record with regret the deaths of two Fellows of the Society: 
MR. C. F. KETTERING 


Mr. Charles Franklin Kettering, the American inventor and engineer, died at 
Dayton, Ohio, on 24th November, aged 82. His greatest single achievement was the 
invention of the Delco starting, lighting and ignition system for motor cars, but he was 
also responsible for major innovations and improvements in the design of diesel 
and petrol engines, generating plant, accounting machines and electric cash registers. 
In association with E. A. Deeds, he founded the Dayton Engineering Laboratories 
Company, which has become famous in motor accessory engineering as Delco, and 
he was for many years director of research at the General Motors Corporation. 

Mr. Kettering was elected a Fellow of the Society in 1939. 


SIR WILLIAM ROOK 


Sir William James Rook, who played a leading part in the sugar market and was 
much concerned with efforts to stimulate trade within the Commonwealth, died on 
29th November at the age of 73. He was Chairman of C. Czarnikow Ltd., the sugar 
and general produce brokers, and its affiliated companies, and also had business 
interests in Canada and the United States. Before the recent war he had for some time 
been a member of the Colonial Office sugar advisory committee, and from 1941-50 
he gave valuable service as Director of Sugar Supplies at the Ministry of Food. 
He was knighted in 1952. Sir William was a Life Governor of the University College 
of the South West, Exeter (now the University of Exeter), where he received part of 
his own education. He became a Fellow of this Society in 1937. 
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NOTES ON BOOKS 


EDMUND BURKE: A PHILOSOPHICAL ENQUIRY INTO THE ORIGIN OF OUR IDEAS OF THE 
SUBLIME AND BEAUTIFUL. Edited with an introduction and notes by ¥. T. Boulton. 
London, Routledge, 1958. 32s net 


The re-issue of this time-defying work, accompanied as it is by an introduction 
which is equally comprehensive and far seeing, coincides most opportunely with the 
present period of uncertainty regarding the arts. 

During the second half of the eighteenth century English writers did more to focus 
attention on the spirit which animated the arts than was the case in other countries. 
The leader in this connection was Edmund Burke, who not only asserted “The true 
standard of the arts is in every man’s power’, but proceeded to analyse the forces 
which promote the sublime and the beautiful. 

Burke was the first of the philosophical writers to analyse the motivating force 
of the age in which he lived and to sense the qualities of the arts as they were expressed 
at the time. He did more than this, for he provided future generations with a golden 
key to aesthetic principles. His definitions of novelty, of beauty and of imitation, 
followed by deeper studies of vastness, infinity, magnitude and magnificence, go 
far to explain the ideals of his artist friends and contemporaries. There is not the 
slightest doubt that all the members of the Royal Academy, then under the leadership 
of Sir Joshua Reynolds, responded to the imaginative theories of Edmund Burke. 

In order to appreciate the full extent of the influence of Edmund Burke’s master- 
piece on the sublime and the beautiful it is essential to be in sympathy with the social 
scene from 1760 to 1800. Mr. Boulton in his preface stresses the fact that painters, 
architects and a host of minor writers, led by such major figures as Johnson, Blake, 
Wordsworth, Hardy, Diderot, Lessing and Kant, felt the influence of Burke’s 
Philosophical Enquiry. As an editor he does more than this; he goes over the ground 
once again most minutely, annotating difficult passages and throwing light on various 
branches of the arts, including painting in oil and watercolour. In like manner he 
deals with the sublime and the beautiful in architecture. 

To attempt to review this important republication in detail would be a superfluous 
task, for where construction approaches perfection criticism would be vain. Never 
at any previous period has serious thought been so necessary in connection with 
criticism of the arts. It is therefore timely that this book has been re-edited with 
the addition of such a brilliant introduction. 


A. E. RICHARDSON 


THE PICTURE ENCYCLOPAEDIA OF ART. By various hands. London, Thames and Hudson, 
1958. £4 4s net. 


MODERN GERMAN PAINTING. By Hans Roethel. London, Eyre and Spottiswoode, 1958. 
50s net. 


A CONCISE HISTORY OF ART. By Germain Bazin. London, Thames and Hudson, 1958. 
355 net. 


Of the production of art books there is no end, and their dissemination is probably 
a far more effective agent than all the international and competitive exhibitions of 
our day in speeding and spreading new art movements to every corner of the globe. 
The first test of the quality of these glossy books, before ever the critical reader 
examines their scheme and treatment, must clearly be the choice of reproductions 
and the faithfulness of the colour plates. In that respect, at least, the pictorial 
encyclopedia under review (initially a German enterprise, and revised in its English 
version by various hands) leaves little to be desired. If the discoloured varnish 
inevitably throws a yellow veil over a Van Dyck reproduction, the colour sings in 
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a Schmidt-Rottluff flower-piece, and sings again in Bonnard’s shimmering prospect 
from an open window. The division of this encyclopzdia into eight sections spanning 
the art of antiquity to contemporary manifestations, with accompanying glossaries, 
is a convenient one, and peculiarities only occur in the biographical notes, which 
duly record Frith but omit Landseer, and rescue from oblivion Carl Spitzweg, of 
unknown origin, who appears to have found painting on cigar-box lids more congenial 
than chemistry. 

Suddenly invited by the chairman of the B.B.C. ‘Critics’ panel to explain what 
one meant by the term ‘Expressionism’, one defined it, after a moment, as the visual 
expression of a highly emotional state of mind. Everyone seemed satisfied, and no 
postcards came from the unseen audience. But presumably Mr. Hans Roethel was 
not listening in, for this authority on the subject might well have elaborated 
a definition so perfunctory. With characteristic scholarship and thoroughness, the 
Director of the Municipal Art Gallery in Munich traces, in his new book, the develop- 
ment of Expressionism in Germany through the Briicke and the Blaue Reiter groups, 
and the subsequent tendencies in the nation's painting to the present time. He has 
much to say about the ideals of these impassioned revolutionaries (‘Art’, declared 
the members of the Briicke, ‘depends on inspiration, not on technique’), and the 
strange radiance of their palettes shines out in the brilliant colour reproductions. 

Unfortunately, the publishers have failed to provide an index, which a weighty 
volume sprinkled with names clearly demands. The biographical notes on the more 
prominent artists mentioned (grouped, without cross-references, in an appendix) 
are no substitute at all. Even these notes, indeed, inexplicably ignore the inventor 
of Merz, Kurt Schwitters, who composed ordered designs out of the discarded 
litter of commerce, and whose ‘Merzbau’ in Hanover stands as a signpost in the 
history of experimental art. Nor do the publishers inspire confidence in the scholarship 
of a work by referring, in their advertisement on the flap, to the Surrealist Max 
Ernst as if he were an American emigré to Germany, whereas he is, of course, an 
influential German who settled in 1941 in America, to her cultural gain. 

Such blemishes, however, should not deter the student from acquainting himself 
with schools of painting whose power has, until recently, hardly been suspected in 
England, owing to the estrangements of two World Wars. As Sir John Rothenstein 
points out in an admirable foreword, an increasing understanding of the German 
achievement in modern art has been propagated by such exiles from the régime as 
Kokoschka, who settled here for a period and acquired British nationality; and 
respect was still further increased by the representative exhibition of German 
painting from 1850 to 1950, organized for the Tate Gallery in 1956 by the Federal 
German Government. From that exhibition it became clear that the vehement, often 
feverish creative impulses of Expressionism represented Germany’s richest and most 
characteristic contribution to modern art. 

This book, like others of the kind, prompts the reflection that specialists diligently 
threading their way through a shrubbery of facts, classifying, and choosing the right 
epithets for works of art, could do so much more to illuminate their subject by an 
occasional ancedote. The student of art, no less than the general reader, may be 
sometimes enlightened in this way. There comes to mind a recollection of Kurt 
Schwitters, for example, which quickens interest in that neglected and needy 
revolutionary, and somehow changes one’s idea of him. Challenged to open his 
pathetically small suitcase before a Belgian customs officer, Schwitters disclosed 
one celluloid collar and a bundle of Merz publications. ‘Inflammable’, he explained 
to the stolid customs man, holding out the collar; and, indicating his books, he added 
mildly ‘These also perhaps’. Is not the impression of a fanatical theorist now mollified, 
and our approach to him eased? 

If Mr. Hans Roethel’s characters hardly exist for us outside their styles of painting, 
there is no point in cavilling about the shadowy figures who flit briefly through 
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M. Bazin’s concise history of art from cave origins to the present day. Clearly what 
counts here is the breadth and sweep of the whole design, the smoothness of the 
transitions, and the energy with which the Conservateur-en-chef of the Louvre 
has sustained his task over so many years. The print is rather small, and the numerous 
illustrations, mostly in monochrome, are small also—the entire work being contained 
in something over five hundred pages, the size of a family Bible. The publishers 
justly describe it as ‘a distillation which contains the essence of art throughout the 
ages, its motives and symbolism, its names and the beliefs from which it emerged’. 
It is, indeed, with admiration for the lucidity of M. Bazin’s style, the range and 
grasp of his intellect, and the magnanimity with which he acknowledges the recent 
shift of artistic power to New York, that the reader closes at length his imposing 


work. NEVILE WALLIS 


COLLINS GUIDE TO ENGLISH PARISH CHURCHES. Edited by ohn Betjeman. London, 
Collins, 30s net 


Mr. Betjeman has long been known for his bold championship of Victorian 
architecture and for an approach to architectural matters both aesthetic and socio- 
logical. This beautifully produced book might well be described as his apologia if 
not his apotheosis. The revolution in popular taste which owes so much to his 
persuasive prompting is reflected in a church guide-book which is for once not 
dominated by what he once stigmatized as ‘antiquarian prejudice’. It is designed 
to be ‘a selective list of English parish churches, judging the buildings by their 
atmosphere and aesthetic merit’ rather than by an adherence to antiquity as a criterion 
—written, as Mr. Betjeman says, from the standpoint of ‘artists and Anglicans’. 
As such it should find an enthusiastic body of readers. 

The scheme has been to list, county by county, all such churches as the compilers 
consider worthy of leaving one’s appointed route to see. Preference is given to 
unrestored churches and great attention paid to those built in the eighteenth and 
nineteenth centuries. Indeed the anti-Victorian bias has been more than redressed— 
one cannot but feel that to dismiss Holy Trinity, Coventry, for example, with the 
words ‘Perpendicular; one of the three spires of Coventry’, while eight lines are 
devoted to St. Martin’s, Birmingham, is to err quite flagrantly on the other side. 
Indeed the whole book is likely to cause controversy, both heated and enjoyable, 
among ‘church-crawlers’, for the individual judgements pronounced are provocative 
in the extreme—at least in one’s own home county. It is amusing to see ‘Great 
St. Mary’s, Cambridge. Worth a visit’: less amusing to see such scant attention paid 
to that loveliest of Cambridge churches, St. Edwards. Mr. Betjeman invites sugges- 
tions and notes of omissions: he will certainly get them. So—is it not pointless to 
list Skelton-in-Cleveland (North Riding) if it is only to say ‘R. J. Johnson. Dull’? 
And why no mention of Freiston (Lincs), All Souls’, Eastbourne, and St. Nicholas’, 
Leicester? And while one is being critical—Holy Trinity, Hull, is ‘low’ not ‘high’. 
The double entry of the Lady Margaret Church, Walworth, may be forgiven as it 
draws attention to that beautiful, little known interior. 

Indeed, it is the great merit of this book that it inculcates a fresh way of looking 
at these churches, and this is due largely to Mr. Betjeman’s long historical intro- 
duction. This is the best thing in the book, a loving and informative study of the 
development of the parish churches which dwells not only on their architecture and 
furnishings, but on their ethos, customs and social function as well. Almost equally 
good are his short descriptions of twenty-three of the counties; and several of the 
contributors have risen to his challenge, notably Frank Singleton and the Reverend 
C. L. S. Linnell. Add to this sixty-four excellently chosen photographs, and several 
drawings by John Piper, and you have a book that will be cherished for years to come 
by all those who care for the parish churches of England. 

GLEN CAVALIERO 
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‘\HE ROUND TOWERS TO ENGLISH PARISH CHURCHES. By The Reverend Claude #. W. 
Messent. Norwich, Fletcher & Son, 1958. 30s net 


This is a definitive work. The author, whose lifelong ‘professional hobby’ it has 
been to study the architecture of East Anglia, has here listed, described, and illustrated 
all the round church towers now extant in England. There are one hundred and eighty 
of these, of which no less than one hundred and twenty-four are in Norfolk, and 
another forty-two in Suffolk. Mr. Messent contributes a descriptive account of each, 
and a short but interesting discussion of their origin and construction. Were they 
built originally as watch towers? The fact of their being frequently built on high 
ground would suggest this, but the rule does not always hold, and the author main- 
tains that the real reason for their peculiar construction lies in the building material. 
The local flint does not lend itself to the quoins necessary for square towers, and 
only local material would be used for towers built in haste, either for purposes of 
defence or as manorial bell towers. 

Most of the towers are Norman or Saxon in origin, though in many cases later 
octagonal storeys have been added. From the point of view of design these are of 
greater interest than the earlier bases, and Mr. Messent displays a lively appreciation 
of the aesthetic problems posed by such a building on other men’s foundations. It 
is interesting to note, from the incidence of Tudor brick work, the extensive restora- 
tions carried out in the sixteenth century, not a period otherwise notable for its 
contribution to church architecture. 

The ruined towers, now standing forlorn in fields and farmyards, give evidence of 
the actual building material used, and the author shows how the quality of the 
different flints has affected the stability and colouring of these towers. The illustra- 
tions, nearly all drawn in the past two years, faithfully reproduce the peculiarities 
of each tower, no one of which is quite like any of the others. There is extraordinary 
variety, ranging from the tapering sugar loaf at Wacton to the soaring splendour of 
Quidenham, so curiously similar to the spire at Lostwithiel in Cornwall. It is good to 
know that so thorough and perceptive a record of them has been made. 

One concluding query: is it true to say that the church of St. Julian at Norwich 
contains the cell of the lady Julian? The site of her cell is surely adjacent to the 
south-eastern wall of the medieval church? 


GLEN CAVALIERO 


THE BUILDINGS OF ENGLAND : NORTH SOMERSET AND BRISTOL. SOUTH AND WEST SOMERSET. 
By Nikolaus Pevsner. Harmondsworth, Penguin Books, 1958. 10s 6d and 8s 6d 


Professor Pevsner’s latest volumes mark a notable advance in his great effort to 
provide a one-man national buildings survey in compact and comprehensive form. 
Acknowledgements are made by the author in his foreword to the help he has had 
from a wide variety of people, and he recognizes his debt to recent books like 
Mr. Walter Ison’s studies of Georgian Bath and Bristol and to the official Ministry 
lists of historic buildings. Yet his own contribution remains impressive. He has 
trodden the highways and byways of Somerset and has observed and described with 
an energy which would have driven lesser men to the nearest hostelry or tea-shop 
regardless of their architectural interest, and has thereby recalled our attention to 
many neglected and almost unknown treasures. No less impressive is the catholicity 
of taste and freshness of appreciation which we have come to expect from the author’s 
earlier works. He is as ready to appraise the best of Victorian and modern building 
as to analyse the obvious glories of Perpendicular or Georgian. Thus a fine Victorian 
brewery or a Lutyens garden appear beside the stately tower of Evercreech or the 
unique waggon-roof of Shepton Mallet among the hundred illustrations (many of 
them pleasantly unfamiliar). Yet he has a sharp eye for the grotesque and treats the 
obviously outrageous with a relish worthy of an Osbert Lancaster. His humour is 
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stirred, for instance, by a Bristol printer’s premises ‘in the wildest Art Nouveau. White 
faience with gaily coloured friezes and long figures. Angle turrets above with squashed 
columns a la Harrison Townsend. The main figures are Gutenburg [sic!] and Morris 
and two fronted females which would have made Morris shudder had he lived to 
see them.’ 

Like their predecessors, these volumes admirably combine the qualities of a 
practical guide-book, a work of reference and a learned commentary on Somerset 
building. Professor Pevsner can hardly fail to be stimulating and he brings a new 
interest even to such often-described buildings as Wells Cathedral. Full justice is 
done in the introduction to the remarkable innovations of the late twelfth century at 
Wells, the birthplace of national Gothic, and to the similar part played by the masons 
of Bristol Cathedral in the development of fourteenth-century styles. His discussion 
of the great Perpendicular parish-churches of Somerset supplies a new classification 
of their splendid towers. “The charm of Clifton’s confusion’ is well conveyed in his 
survey of that unique suburb, where elegant Grecian modes lingered into the 
Victorian age. The long sections on Bristol, Bath and Wells (which get over 200 pages 
of the North Somerset volume) are the highlights of these volumes. Compression 
was obviously necessary with this mass of material, but in spite of frequent abbrevia- 
tions, including the irritating ‘Perp’, even the shorter entries in the gazetteer are 
readable enough. 

Professor Pevsner is perhaps on occasion too dogmatic and does not always 
indicate that others differ. But there are also some trenchant and deserved 
criticisms. It is something of a relief to hear the much-vaunted statues on the Wells 
west front cut down to their proper esthetic size and to find Vanbrugh’s house at 
Kings Weston stamped as an ‘entirely graceless design’. The twentieth century 
inspires in Professor Pevsner sensible but sorrowful criticism. Many Bristol citizens 
will share his view that great opportunities in civic planning have been missed: 
a passion for decorative traffic roundabouts and lawns and flowers is not enough and 
often kills all urban scale. 

Inevitably, some errors, mainly historical, have crept into so large a body of facts. 
Thus the monks who founded Cleeve Abbey came from Revesby not Revesley, and 
Richard of Cornwall, whose arms are in the refectory there, was the brother and not 
the nephew of King Henry III; but such mistakes are few. At least one reader 
would have preferred to dispense with ancient earthworks, which do not fit into the 
general scheme, and to have had instead a few more plans and diagrams. But these 
are small complgints about volumes which deserve a warm welcome. This first 
complete survey of Somerset architecture will be indispensable to visitors and 
residents alike. 


CHARLES ROSS 


KENSINGTON. By William Gaunt. London, Batsford, 1958. 25s net 


The writing of local history is no easy or enviable task, for in this field the historian 
has to weave into the texture of his work the tangled threads of manorial and estate 
background, topography, building and architectural history, administrative and 
economic development, social and personal relationships. Beyond this, he must 
avoid at all costs the cardinal sin to which local historians are so prone—parochialism. 
And even if all this were not difficult enough, he may well be faced with the problem 
of writing about a district which is not really an entity in itself, which has no distinctive 
character. 

One of the great virtues of Mr. William Gaunt’s Kensington is that it is not 
parochial. Nor is it in any way unwieldy. For the author has deliberately and wisely 
limited the scope of the book, so that the reader will find little in it, for example, 
about Kensington’s local government, or about the business and work-a-day life of 


154 














JANUARY 1959 NOTES ON BOOKS 


the population. Mr. Gaunt’s Kensington is centred round some half a dozen elements 
in the borough’s life and history: Holland House, the Jacobean manor house— 
Kensington Palace—Kensington Square, which marked the very beginning of urban 
Kensington, the Old Court Suburb—South Kensington, the area of museums and 
colleges and stuccoed houses, ‘pompous without being magnificent’, in Mr. Gaunt’s 
phrase, which was the outcome of the Great Exhibition of 1851—and the artists’ 
Kensington of late Victorian times, of Leighton and Millais and Melbury Road. 
This makes for ease of presentation—and since Mr. Gaunt has his material well 
under control and writes with fluency—also for ease of reading. 


In a popular book of this kind, and with less than 150 pages at the author’s disposal, 
it would perhaps be unfair to criticize the way in which discussion of many fascinating 
problems arising out of the subjects chosen for treatment has been avoided. But the 
reader should, one feels, be made aware when such a problem exists. Mr. Gaunt 
admits that the architect of Holland House may or may not be John Thorpe, but 
there is no hint that here we are dealing with one of the most shadowy names in 
English architecture, nor any justification for calling him the designer of Longford 
Castle and Audley End. Whilst to attribute the ‘baroque liveliness of design’ of the 
Orangery at Kensington Palace unequivocally to Sir Christopher Wren is to beg the 
whole vexed question of whose was the imagination behind the development of 
English Baroque. 


Mr. Gaunt is at his best when he is dealing with personalities, whether it is the 
circle at Holland House in the time of Sydney Smith and Greville and Macaulay, 
or the life of Kensington Square, at first aristocratic and later primarily literary, 
with its own intimate local coterie—‘Old inhabitants called on newcomers, so that 
everyone knew everyone else and we children played together in the square gardens 
and enjoyed a series of parties at each other’s houses at Christmas time’, in the 
words of Mrs. Dorothea Barter. 


This book is not a history of Kensington but, as the author himself says, a profile. 
It is a book for the drawing-room rather than the study, and for this reason it is all 
the more a pity that so many of the photographs have been blurred in reproduction. 


JOHN HAYES 


FROM THE FOURNAL OF 1859 


VOLUME VII. 21st January, 1859 
READING IN EARNEST 


CARLISLE (CHURCH OF ENGLAND RELIGIOUS AND GENERAL LITERARY ASSOCIATION).— 
On Tuesday evening, 2nd November, a general meeting of the members of this 
Institution was held in the Reading Room, at the Athenaeum, for the purpose of 
hearing an address from the President of the Institution—the Worshipful and Rev. 
Chancellor Burton—upon “The Objects of the Society and the way in which its 
usefulness may be more generally developed’. . . . In the course of his address, 
the President urged upon the members that while the establishment of the news- 
room was an advantageous part of the system of the Institution, the mere reading of 
periodical publications was not their main object. It might become a foolish waste 
of time, and an encourager of idleness; it might be the means of imbibing mere 
dogmatical opinion ; it might lead to many fallacies, and induce but a stupid persistence 
in an ignorant view. Standing alone, it might be found a very unsafe source 
of intelligence, and a closer—not an expander—of the mind. He did not say, then, 
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that they should not read the newspapers, but that they should not let them be their 
sole or even their principal reading. He earnestly recommended the constant use of 
their library, and he hoped that in course of time their funds would be sufficient 
to enable them greatly to increase its extent. He would not recommend them to form 
a library of the ancient classics, of the higher mathematics, of antiquarian researches, 
or of philosophical disquisitions; but of history, of morals, of religion, of arts—so far 
as they were applicable to the uses of life, and of all such information as might be 
brought into immediate and undoubted profit; their purpose was practical; and 
whatever they set up should promise a practical effect. Besides the kinds of books he 
had mentioned as not to be recommended, he would press, as strongly as possible, 
the avoidance of mere works of fiction. Much instruction might be conveyed, he 
admitted, through works of fiction; and fiction had often manifested itself as a very 
successful method of opening and enlarging the understanding, but he need hardly 
tell them what caution was necessary in their application to it. The Press now teamed 
with mere fiction, whose professed and whose only end was to amuse, encouraging, 
and even creating, a vitiated appetite. Those who resorted to reading but for amuse- 
ment, resorted to it with a very unworthy view; they learnt either nothing, or what it 
would be better for them not to learn. With reference to the subject of lectures, he 
represented the importance of making them systematic and regular, and not of a 
desultory and rambling character. It must not be their object just to amuse or entertain 
or simply to touch the feelings ; they must be designed and calculated to make a lasting 
and profitable impression; they must be made to teach something worth knowing. 


Some Activities of Other Societies and Organizations 


MEETINGS 


Tugs. 6 JAN. Metals, Institute of, at Cadena Café, 
Cornmarket Street, Oxford. 7 p.m. Professor W. 5S. 
Owen and B. R. Coles : The training of metallurgists. 


WED. 7 JAN. Petroleum, Institute of, 61 New Cavendish 
5.30 p.m. G. 


Street, W.1. H. Clark and D. A. 
Davidson : Petroleum-based launching lubricants. 


THURS. 8 JAN. Metals, Institute of, 17 Belgrave Square, 
$.W.1. 6.30 p.m. ei G. Slater : Metallurgical 
education in the U.S.S.R. 

Refrigeration, Institute of, at 76 Mark Lane, E.C.3. 
5.30 p.m. G. G. Haselden : An economic evaluation 
of large ammonia absorption refrigerating machines. 


FRI. 9 JAN. Engineers, Junior =e -~ of, 14 Rochester 
Row, S.W.1. 7 p.m. R. J. Herbezi : Engineering 
tolerances. 


MON. 12 Jan. Purchasing Officers’ Association, at Royal 
Society of Arts, John Adam Street, W.C.2. 6.45 p.m. 
Dr. L. Mullins : Photography in industry. 
William Morris Society, at Church House, 
Parade, Bradford. 7.30 p.m. A. C. 
stained glass of Morris & Co. 


North 
Sewter: The 


Tues. 13 yan. Works Managers, Institution of, at any 
Society of Arts, John Adam Street, W.C.2. 7 p.m. 
John G. Miller : Concerning incentive for ivpists. 


WED. 14 JAN. Engineering Inspection, Institution of, at 
Royal Society of Arts, John Adam Street, W.C.2 
6.45 p.m. W. S. Eastwood : Practical applications 
and interpretations in the use of industrial isotopes. 


Locomotive Engineers, Institution of, at 1 Birdcage 
Walk, S.W.1. 5.30 p.m. J. H. Currey : Automatic 
train ‘control— the British Railways system. 

Newcomen Society, at the Science Museum, South 
Kensington, S.W.7. 5.30 p.m. Robert Walmsley : 

Lancashire village’s contribution to the carly 
history of the cotton industry, 1570-1812. 
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THURS. 15 jan. Electrical Engineers, Institution of, 
Savoy Place, W.C.2. 5.30 p.m. N. J. Mackay and 
E. Hardwick : Electrical installation at Calder Hall 
nuclear power station. 


Metals, Institute of, 17 Belgrave Square, S.W.1. 
6.30 p.m. Dr. C, E. Birchenall: The oxidation of 
metals at high temperatures. 


Tues. 20 jan. Civil Engineers, 
George Street, S.W.1. 5.30 p.m. 
E. D. Jefferiss Mathews: The 
architect's réles in a specific case 
construction, 


Great 
Ove Arup < 
engineer's 

of planning or 


Institution of, 


Illum - ating Engineering Society, at Merseyside and 
N. Wales Electricity Board Industrial Development 
Ce on 6 p.m. F, Jackson : New light sources. 
THURS. 22 jan. Road Transport Engineers, Institute of, 
at Royal Society of Arts, John Adam Street, W.C.2. 
6.30 p.m. A. R. J. Van Der Goes: Continental 
trends in designs and manufacture of heavy commercial 
vehicles. 


ret. 23 jAN. Engineering, 
14 Rochester Row, 
Cutting fluids. 


Junior Institution of, 
S.W.1. 7 p.m. W. R. Steet: 


OTHER ACTIVITIES 
NOW UNTIL 


George 
Paolozzi. 


WED. 31 DEC. 


Hanover Gallery, 
Street, W.1. 


Exhibition of 


32a St. 
sculptwe : 


WEEK COMMENCING MON. 12 jan. Commonwealth 
Institute, South Kensington, S.W.7. Mon.-Fri. 
12.30, 1.15, 3 p.m. Sats. 3 & 4 p.m. Suns. 3, 4, & 
5 p.m. Film Show: Moana Roa—Pacific Islands. 
Bushland fantasy—A ustralia 


WED. 14 JAN. Building Centre, 26 Store Street, W.C.1. 
12.45 p.m. Film Show Tale of a terminal (The 
West London air terminal). 








